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Table 3 Total Present Worth 
100% Draft Final Remedial Design 
Beloit Corporation Superfund Site 
Rockton, Illinois 

Item 
Construction 

Operations and Maintenance 

Cost-

$551,000 
$250,000 

Years of 

Operation and Maintenance 

0 
20 

Total Presnet Worth 

Present ; 
Worth^ 

$551,000 
$3,398,000 
$3,949,000 

Note: All costs rounded to nearest $1,000. 

' Assumes an interest rate of 4%. 



100% Draft Final Remedial Design 
Construction Task Schedule 

Beloit Corporation - Blackhawk Facility 

Task Description 
Finalize Design Document 

Electrical Specs 
Construction Activities 

Construction Submittals 
Ops Plan, HASP 
Review (1) 
Resubmittal 
Review (2) 

Equipment Procurement 
Long Lead Items 

Shop Drawing 
Preparation 
Influent Tank 
Order/Delivery 
P&T Building 
Order/Delivery 

Fieldwork 
Foundation Excavation 
Concrete Forming/Pour 
Concrete Curing 
Extraction Well Pre-
Drill 
Pneumatic Fracturing 
Extraction Well Final 
Drill 
EW Development 
Monitoring Well 
Installation 
Force Main 
Trenching/Install 
Tank Placement 
Building Installation 
Tank Final Set 
Plumbing, Mechanical 
Electrical 
Programming 

Startup/Shakedown 
Construction Oversight 
Procurement and Fieldwork ca 

Resp. 
Party 

E & E 

BES 
E & E 
BES 
E & E 

BES 
BES 

BES 

BES 

BES 
BES 
BES 
BES 

BES 
BES 

BES 
BES 

BES 

BES 
BES 
BES 
BES 
BES 
BES 
BES 
E & E 

endar di 

Duration 
42 days 
42 days 
143 days 
25 days 
10 days 
5 days 
5 days 
5 days 
100 days 
100 days 
30 days 

60 days 

70 days 

65 days 
5 days 
10 days 
20 days 
4 days 

5 days 
5 days 

3 days 
5 days 

15 days 

1 day 
10 days 
1 day 
15 days 
10 days 
3 days 
10 days 
75 days 

ites do not 

Calendar Date 
Start 

December 3, 2007 
December 3, 2007 
January 2,2008 
February 4, 2008 
February 4, 2008 
February 18, 2008 
February 25, 2008 
March 3, 2008 
January 29, 2008 
January 29,2008 
January 29,2008 

March 24, 2008 

March 11, 2008 

April 21, 2008 
April 21, 2008 
April 28, 2008 
May 12, 2008 
May 12, 2008 

May 13, 2008 
May 16, 2008 

May 23, 2008 
May 23, 2008 

May 26, 2008 

June 16,2008 
June 17, 2008 
June 24, 2008 
June 24, 2008 
July 1,2008 
July 16,2008 
July 21,2008 
April 21, 2008 

account for holidays 

Finish 
February 1, 2008 
February 1,2008 
July 18,2008 
March 7, 2008 
February 15, 2008 
February 22, 2008 
February 29, 2008 
March 7, 2008 
June 17,2008 
June 17,2008 
March 11, 2008 

June 16,2008 

June 17, 2008 

July 18, 2008 
April 25, 2008 
May 9, 2008 
June 6, 2008 
May 15, 2008 

May 19, 2008 
May 22, 2008 

May 27, 2008 
May 27, 2008 

June 13,2008 

June 16,2008 
June 30,2008 
June 24, 2008 
July 15, 2008 
July 15, 2008 
July 18, 2008 
August 1, 2008 
August 1, 2008 

and weekends. 
Weekend work will be required on certain tasks (e.g., trenching across roadways) to 
avoid interrupting Reload operations. Extraction well installation will require 
coordination with ARS Technologies. 



Table 2 Yearly Operations and Maintenance Cost Estimate 
100% Draft Final Remedial Design 
Beloit Corporation Superfund Site 
Roci<ton, Illinois 

Item Description' ' , ' . ' 
I'limp .111(1 Treat System 

l^ibdr (1 perboii 24 liourb per week) 

Equipjnem Repjir/Replycenieni 

Utilities 

Miscellaneous Supplies 

Reference^ 
. 

Vendor Quote 

Estiintite 

Bodine 

Estimate 

Amount 

1248 

1 

12 

1 

Unit 
I 

HR 

LS 

MO 

LS 

Labor 

S40 19 

$0.00 

$0.00 

$0.00 

Equipment Material Unit Cost 
- * • • , 1 

$0 00 

$2,500.00 

$0.00 

$500.00 

$0 00 

$5,000.00 

$3,200.00 

$1,000.00 

$40 19 

$7,500.00 

$3,200.00 

$1,500.00 

Pump ami Treat System Total: 

Punip and Treat SystAiiComplianceiSiimpluig Vi:W vli vW> 
Influent VOC Analysis (3-d:iy turnaround) 

Influent pH Analysis 

Effluent VOC Analysis f3-dav turanaround) 

Effluent pH Analysis 

Shipping (cooler weighs 20 pounds) 

Miscellaneous Supplies 

;X:-Vij:>:;!;-, ••;!-;;,TK' 

33-02-1618 

33-02-1602 

33-02-1618 

33-02-1602 

33-02-2042 

Estimate 

^ S U ' ' • • * - • • 

40 

40 

24 

24 

24 

1 

EA 

EA 

EA 

EA 

EA 

LS 

;,;. i! " ; 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

: i V.= M'V :?1 : H;: '? :::, '-'3 f. •••• S (nB: ' ' : l ' i y^' 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$38.60 

$250.00 

$235.55 ^ 

$7.15 

$235.55 

$7.15 

$38.60 

$250.00 

Pump ami Treat System Compliance Sampling Total: 

Groundwater Sampling jtntJt'Analysis.XFo'ursaraplirig^events) ^ 

L:ibor (2 people, 10 hours/day, 7 days for each event) 

VOC Analysis (21-day turnaround) 

pH Analysis 

Shipping (7 coolers per event weighing 20 pounds each) 

Equipment Shipping (jissunie each piece weights 25 pounds) 

2" Submersible Pump (Rental) 

Portable Generator (Rental) 

pH/DO/Conduciiviiy/Temperature Meter (Rental) 

Water Level Indicator (Rental) 

Truck Rental 

Per Diem 

Lodging 

Miscellaneous Field Supplies 

Ct'W'm. -'vi::.'-'; 
33-22-0108 

33-02-1618 

33-02-1602 

33-02-2042 

33-02-2042 

33-23-0517 

33-01-0503 

33-02-0571 

33-02-0572 

33-01-0102 

Illinois Stale Rate 

Illinois State Rate 

Estimate 

:•. . ' V , . 7-[ 

560 

150 

122 

28 

12 

8 

2S 

8 

8 

28 

56 

40 

4 

- . • ? ; : / 

HR 

EA 

EA 

EA 

EA 

WK 

DY 

WK 

WK 

DY 

DY 

DY 

EA 

- • ! : " , . 

$48.58 

$0.00 

•$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

•'-iV : ' ' : M : 'C'^^i^:•i:f^^XiJ'?ritT:£'^-^ 
$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$200.00 

$0.00 

$0.00 

$0.00 

$38.60 

$48.25 

$247.78 

$0.00 

$80.22 

$0.00 

$39.19 

$28.00 

$60.00 

$200.00 

$48.58 

$117.78 

$7.15 

$38.60 

$48.25 

$247.78 

$67.06 

$80.22 

$68.33 

$39.19 

$28.00 

$60.00 

$400.00 

Groundwater Sampling atttl Analysis Total: 

Reporting :::^: : .^; 'N:!.i ' ' : ' 'T/-j .'l;^'^ fO'^:?'''5" •ir^:V^-'¥'-v-^-'"-;;' 

NPDES Permit and DMRs 

" • ' i i i ' ; • j r y •;•• V; 

Bodine 

; • • : ; : • • ' " • • \ 

1 LS $9,856.00 

^^ ' ' ^ • ' : • • ^•;:.~ . : ^ ' • ' ^ : . y : ' ^ ' ' • ^ ' • ^ : l . ' ^ ' ' ^ ~ 

$0.00 $957.44 1 $10,813.44 

Reporting Total: 

Component Siiblotai 

Orerlieail and Profit 

Contingency 

Grand Total Yearly Operations and Maintenance C 

25% 

10% 

ost (Rounded to Nearest $1 000) 

Totals 

$50 157 

$7,500 

$38,400 

$1,500 

$9S,000 

. ! • • ' • : " . V , > •• ' 

$9,422 

$286 

$5,653 

$172 

$926 

$250 

$17,000 

•i:C:f'-'^-:.U':.' 

$27,205 

$17,666 

$872 

$1,081 

$579 

$1,982 

$1,878 

$642 

$547 

$1,097 

$1,568 

$2,400 

$1,600 

$59,000 

^'-^ii;^---'^ : • 

$10,813 

$11,000 

$185,000 

$46,250 

$18,500 

$250,000 

1 Reference Format (##-#/)-####) is for Environmental Remediation cos! Data - As::emblies. by RS Means, 2006. 

HR = Hour. 
LS = Lump Sum. 
EA = Each. 

MO = Month. 
WK = Week. 
DY =Day. 



Table 1 Construction Cost Estimate 
100% Draft Final Remedial Design 
Beloit Corporation Superfund Site 
Rockton, Illinois 

Item Description 
Sujjpoit Structure 

Pluini.i,^ boLi. inci. l j 

Uli l i lvCicaranct 

Coiisiracnon Trailer 32x8 

Block :indTie down Trailer 

Slorapc Box 20x8 

Slorape Box deliveiY 

Ofticc Equi|)incnl leina! and Supplies 

Ofllce Utilities (phone, elec.) 

Poriahle Toilet 

Mob/Dernob prckup wVequiiJiiieiil 

Mob/Demob excavator 

Mob/Denioh equipment and crew 

Elfclric Hooku)! 

Record Drawinps 

Reference' 
. - 1 

Estimate 

Estiinale 

01520-500-0350 

Estimate 

01520-500-1250 

Estiinale 

01520-550-0100 

01520-550-0140 

01590-400-0410 

02.305-250.I100 

02305-250-0020 

33-01-0101 

Estimate 

Estimate 

Amount 

• 1 

Unit 

EA 
EA 
MO 
LS 
MO 
LS 
MO 
MO 
MO 
EA 
EA 
LS 
LS 
LS 

Labor 

.«18.750.00 

.SI,500.00 

$0.00 

$0.00 

SO.OO 

$0.00 

$0.00 

$0.00 

$0.00 

.M3.90 

$672.00 

$748 00 

$0.00 

$700 00 

Equipment 

» 
$0.00 

$500.00 

$183.00 

$0.00 

.$75.00 

$0.00 

$145.00 

$210.00 

$139.00 

$0.00 

$0.00 

$3,379.00 

$0 00 

$50.00 

Material Unit Cost 

' 
$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0 00 

$0.00 

$162.00 

$330.00 

$0.00 

JO.OO 

$50.00 

$18,7.50.00 1 

$2,000.00 

$163.00 

$250 00 

$75.00 

.$425.00 

$145.00 

$210.00 

5159.00 

$225.90 

$1,002.00 

$4,127.00 

$750.00 

S800 00 

Support Structure Total 

SiirveviiipV^i. ^ y. \^ i;V •' : ^^*^- - '̂  •. "• "ŷ . 

Surveyiiip 

Grade Stal,"es 

Laser Level Rental 

GPS Unii Rental 

••;. i i ; : - . ! J : " > ; : " 

99-04-1201 

Estimate 

Estimate 

Estimate 

•.::-A'.!.- ' . ' ' \ 
3 

1 
t 

3 

DV 
LS 
MO 
MO 

• ' . : • 

$692 40 

.$0.00 

$0.00 

$0.00 

*•'.•.• :;i;<.*i',>i?v;>:; 

$222.10 

.to.oo 
$315.00 

$900.00 

: • . . ' ; : ; ? . • • • ^•••. ' - , , . . : . W i 

$0.00 

$210.00 

JO.OO 

$0.00 

.$914.50 

$210.00 

1313.00 

$900.00 

Surveying Total 

Metal 'Bui ldhlg •^•^'^.:.. ::.;•.•/'-k ^v ?^^:,. ; " ^ •• ̂ .:.';.X • 

tvlob/Deniob/Setup Crane 

Excavation and gravel f i l l with 4' deep footings 

Strip Footiiip 

.Slab on Grade Foundation (AST Foundation) 

Slab-On-Grade Foundation Reiiilbrced 

Foundation Walls 

Foundation Dampproofinp, 4' hipli 

Equipment Building w/ installation 

-;;;.;;>:.;:. ..;::o-:is>,;;.,-; 

02305-250-0020 

A2010-110-2260 

AlOIO- l10-3000 

A1030-120-4560 

A1030-120-3440 

A2020-110-2260 

AI0I0-320-5Q00 

Vendor Quote 

; 4 ; : ' . ; - . . : • > • 

2 
280 
90 
117 
163 
50 
50 
1 

EA 
SF 
LF 
SF 
SF 
LF 
LF 
LS 

• ^ i x : - ' .:• 

$672.00 

$0.65 

$9.00 

$7.10 

$6.93 

$30.00 

$4.00 

$0.00 

:. :.':i^/i^:[.,^:^^\;. 

$0.00 

$1.20 

$4.03 

JO.OO 

$0.00 

$16.50 

$0.92 

SO.OO 

$330.00 

J2.35 

$12.53 

$4.37 

$3.78 

$33.00 

$2.80 

$45,000.00 

$1,002.00 

$4.20 

$25.56 

$11.47 

$10.73 

$81.50 

$7.72 

$45,000.00 

/Helal Bui ld ing Total 

Building;Mechanical Systcnis^ ^•.•. '•'., , V ' ^ i - V.> .*••; 

Slab-oii-Grade (AST Housekeeping Pad) 

Equalization Tank 

Slab-oii-Grade (Transfer Pump Pad) 

Transfer Pump 

Sump Pump 

Steel Grating lor Sump 

Slab-on-Grade (Vehicle Raiiip) 

i j . v / r t .K- ; r ; ' f . : * i i ' . -

A1030-120-2220 

Vendor Quote 

A1030-120-2220 

Vendor Quote 

33-29-0414 

19-02-0604 

A1030-120-2220 

120 
1 

25 
1 
1 

16 
30 

SF 
EA 
SF 
EA 
EA 
SF 
SF 

. : : . - . ; ; i i - : : : ^ - . 

$2.25 

$0.00 

$2.25 

$0.00 

$36.20 

$2.77 

$2.25 

.-V : .VxA- tA: fc. 

$0.43 

$0.00 

$0.43 

$0.00 

$0.00 

$0.12 

$0.43 

i i . : ' % - - ! • ; , •>.£:,.;• •;•. "::: • ' ? 

$2.35 

$19,430.25 

$2.35 

$5,537.28 

$871.73 

$10.11 

$2.35 

$5.03 

$19,430.25 

$5.03 

$4,152.96 

$957.93 

J 13.00 

$5.03 

Bui l i l ing Mccl ianical Systems Total 

Force Mi l in " - ^ ••'. . ' . - . ' : . . ^ ' y ' \ ' . . : - : - i : . : ^ , . .•'::•: 

Trenching, excavation, backrd), and cojjipaclion 

Asphall pavement demolition 

Pipe Bedding, borrow sand, spread, compact 

HDPE Pipe. Forcemain 

Elbows 2" Dia HDPE 

• : , : : . . . V •• :1 . .. 

C1030-805-I340 

02 41 13.17 5050 

GI030-815-1460 

33-26-0502 

33-27-0311. 

• - . ' 

550 
183 
550 
565 

_ 10 

LF 
SY 
LF 
LF 
EA-

$3.89 

11.90 

$0.68 

$5.35 

$30.54 

• . . . • • • ; • 

$1.26 

SI.30 

J0.50 

$0.00 

$0.00 

' . - . . . ' • ; • • ' V :: 

$0.00 

$0.00 

$1.02 

$0.46 

$25.50 

$5.15 

$3.20 

$2.20 

$5.81 

$36.04 

Farce Ma in Total 

Eiitrnctiiin^WeUs;:?^.;:":...-• . ' H ' .•;-:. " ' ' i . : . >••:?:.::;.:' 
Concrete Bollard 

Air Rotary. 6" Dia Borehole Depth <= 100 feel 

Borehole Fracturing 

Air Rotary. 16" Dia Borehole Depth <= 100 feet 

Extraction Well Screen 8" Dia Stainless Steel 

Extraction Well Casing 8" Dia Carbon Steel 

C c i i c r e l c P a d 4 ' x 4 ' x 4 " 

Annular Seal (Bentonite Grout) 

Beiitonile Seal 

Sand Pack, 8" Screen, Filter Pack 

2" Dia Steel Pitless Adaptor. Tee 

Protective Casiiip 

4" Submersible Pump w/coiitrots 

8- Well, Locking Cap 

ScKcii Cap, 8" Stainless Sleel Plug 

; - ; i f j ^^ " i / 'S fc - . -

33-23-2301 

33-23-1126 

Vendor Quote 

33-23-1157 

33-23-0244 

33-26-0106 

33-23-1502 

33-23-1806 

33-23-2105 

33-23-14035 

33-27-0203 

33-23-2217 

33-23-0542 

33-23-1703 

33-23-0333 

y.. ::y .̂''[ '.'^ >̂ 

9 
ISO 
1 

180 
105 
75 
3 
62 
3 

111 
3 
3 
3 

3 
3 

( i ' ; . ' 

EA 
LF 
LS 
LF 
LF 
LF 
EA 
LF 
EA 
LF 
EA 
EA 
EA 
EA 
EA 

i -y^ i . ' f i i ^ 

$67.32 

$1026 

$15,772.50 

$29.49 

$0 00 

$14.30 

$121.38 

$62.83 

$46.29 

$7.16 

$71883 

$74.60 

$0.00 

$31.17 

$0.00 

• > : - ' ; : i : ' ; 3 ; i : ; * t ' i -

$0.06 

$46.33 

$0.00 

$133.20 

$0 00 

$0.82 

.$4.12 

$16.00 

$209.13 

$32.39 _ 

$79.62 

$337.90 

$0.00 

$140.79 

$0.00 

--:. UK.''!'.: ^^; ' iS i - •-:;• •;:: 

$52 78 

$0.00 

$0.00 

$0.00 

$92.27 

$20.21 

$64.58 

$16.48 

$56.09 

$11.61 

$953.41 

$174.65 

$2,070.00 

$28.28 

$295.03 

$120.16 

$56.59 

$15,772.50 

$162.69 

$92.27 

$35.33 

$19008 

$95.31 

J311 51 

$51.16 

$1,751 86 

$587.35 

$2,070.00 

$200.24 

$295.03 

£j:rrncriofr Welts Total 

MimllorinljWclls.-:-: ' : ' :^?;-w-'i; •.;> V i : ' ' : • . i - ' i " 
Aboveground Coni i i let io i i 

Concrete Bollard 

Protective Enclosure Wil l i Cover 

LockinpCajr for Riser. Watertight 

Well Riser 2" Dia Stainless Steel 

Concrete Pad 4' x 4' x 4" 

Annular Seal (Bentonite Grout) 

Beiiloiiite Seal 

.;^:>!>•:•:;';-a & . - ? 

33-23-2301 

33-23-2252 

33-23-1701 

33-26-0213 

33-23-1502 

33-23-1804 

33-23-2105 

' .'"'̂  ,>.-

12 
4 
4 

162 
4 

120 
a 

• ' i " ^ . 

EA 
EA 
EA 
LF 
EA 
LF 
EA 

, • Jii- i i ! : ^ K 

$67.32 

$46.75 

23.38 

$9.34 

$121.38 

$41.89 

$46.29 

T::<:i''!l:t7&'i: 

$0.06 

.$211.19 

105.59 

. $0 00 

$4.12 

$5.00 

$209.13 

- : - - : ; H ; . S " ' ' V " S ; i ¥ J . f ;c- ? 

$52.78 

$132.08 

13.6 

$18.17 

.$64.58 

$10.99 

$56.09 

$12016 

$390.02 

$142.57 

$27.51 

$190 08 

$57.88 

$311.51 

Totals 

$18,750 

$2,000 

$732 

$250 

$300 

$425 

$580 

$840 

$636 

$226 

SI.002 

S4,127 

$750 

$800 

$31,400 

• • • . • ' " ' ' . i ' - . - * 

$2,744 

$210 

J945 

J2,700 

$6,600 

• ' ' ' . ' . ' • ' / • • - • • • 

$2,004 

$1,176 

$2,300 

$1,342 

$1,749 

$4,075 

$386 

$45,000 

$58,000 

-. • : i : ' . ' - . . i "r . . ~: 

$604 

$19,4.30 

$126 

$4,153 

$958 

$208 

$151 

$2S,60tl 

, • - • • • • ' • - . " " • 

$2,833 

$587 

$1,210 

$3,283 

$560 

$8,500 

. . / . . ; . • , . . . . . . \ . - ; / ^ 

$1,081 

SI0.186 

$15,773 

$29,284 

$9,688 

$2,650 

$570 

$5,909 

$935 

$5,679 

$5,256 

$1,762 

.$6,210 

$601 

$885 

$96,500 

* • . ' ; - • • . ; -a ; - ; ' ; s 

$1442 

$1,560 

$570 

$4,437 

$760 

$6,946 

$1,246 

Page 1 ol 2 



Ccnstructicrt Cost Estimate 
100% Draft Final Remedial Design 
Beloit Corporation Superfund Site 
Rockton, Illinois 

Item Description 
1 Sand Pack 2 Sciceii F i lu iPaLk 

Well Screen. 2" Dia Stainless Steel 

Air Rotarv, 8" Dia Boiehole Depth <= 100 lect 

Well Botltiin Plug, 2" Threaded Stainless Steel 

[At-Grade Cumple t ion 

Bolted Steel Cap . 8" x 7.5" 

[Locking Cap for Riser. Walertipiil 

Well Riser 2" Dia Stainless Steel 

Concrete Pad 4' x 4' x 4" 

Annular Sea! (Bentonite Grout) 

Benioniie Seal 

Sand Pack. 2" Screen. Filler Pack 

Air Rolar)'. 8" Dia Borehole Depth <= 100 feet 

Well Bottom Plug, 2" Threaded Stainless Steel 

Well Screen, 2" Dia Stainless Steel 

Reference' 
33 23 1401 

33-23-0221 

33-23-1148 

33-23-0311 

33-23-2211 

33-23-1701 

33-26-0213 

33-23-1502 

33-23-1804 

33-23-2105 

33-23-1401 

33-23-1148 

33-23-0311 

33-23-0221 

Amount 
38 
30 
180 
4 

2 
2 

75 
2 

60 
2 

19 
90 
2 

15 

Unit 
LF 
LF 
LF 
EA 

EA 
EA 
LF 
EA 
LF 
EA 
LF 
LF 
EA 
LF 

,Labor 
2 12 

$2.49 

$11.54 

$7.48 

.170.13 

23.38 

$9.34 

$121.38 

$41.89 

.$46.29 

$2 12 

$11 54 

$7.48 

$2.49 

Equipment 
9 57 

$11.26 

$52.12 

$33.79 

$316.78 

105.59 

$0.00 

$4.12 

$5.00 

$209.13 

$9.57 

S52.12 

$33.79 

$ 1 1 2 6 

Material 
3 43 

$14 49 

$0.00 

$46.97 

$64.96 

13.6 

$18.17 

$64.58 

$10.99 

$56.09 

$3.43 

$0.00 

$46.97 

$14.49 

Unit Cost 
$13 12 

$28.24 

$63.66 

$88.24 

$451 .87 

$142 .57 

$27.51 

$190.08 

$57 .88 

$ 3 1 1 5 1 

$15.12 

$63.66 

$88.24 

$28.24 

.Monitoring Well Total 

Well Upgrades.and'AbdridohnieiiL^^::;'.:,. •̂ ''F^ /̂;̂  " . : . : ; ; . : ; : 

Abandon 2" v.ells 

Repair 21 nioni tonnp wells 

S u n T v repaired moniloring wells 

•;;;._;: ; - : : ^ : - ; ^ C ' ; ; , . . ; . 

33-23-1822 

Estimate 

99-04-1201 

\ i ' ' i i ' ; - ' l - ' X 
55 
1 
1 

. ' " . ' ' : • • : • 

LF 
LS 
DY 

î '$-!i if :;^;-i 

$4.82 

$3,500.00 

$692.40 

" ; ^ ^ • ' ! • • • £ ' ? - : * ' : ? ' i 

S21.76 
$0.00 

$222 10 

•f'v-̂ SS^^v: 
$0.82 

$750.00 

$0.00 

:' ' ' :ViK:i::.i.^ '•• 

$27 .40 

$4,250.00 

$914 .50 

Well Upgrades a n d A b a n d o n m e n t Tota l 

Site Res to ra t ion arid Debr i s Dipdseil :. 

Asphalt Replacement and ramp to builduip 

Haul to Landfill, asphalt and building debris 

[Transpon Excess Soil (Trenching & Drill Cultinps) 

[Disposal Excess Soil (Assume Non-Haz) 

Waste Profile Analysis 

,Svs t en rS ta r t -Up SaniplinEaiird .Analvsis'^:':i..;: . . •'• '"r-U . . 

32 12 16.14 0020 

17-02-0402 

33-19-0205 

33-19-7269 

Vendor Quote 

' • • : : , : . ' ' : ' " • ' • • ^ • ' • ' 

1650 
41 

660 
41 
I 

. : . . • • . , • . 

• : " . ^ • ' : • 

SF 
CY 
Ml 
CY 
EA 

• : . • • > 

$0.17 

$0.00 

JO.OO 

$0.00 

$0.00 

: - . " . : • . • • 

. v i V, , ; . :>„ ,u 

$0.22 
$0.00 
JO.OO 
$0.00 
$0.00 

• j . ' ; . : . » • ? . . 

$1.73 

$23.28 

$1.75 

$74.81 

$0.00 

Sire Restorat ion a n d Debris 

- ' ' " ' . . - . , • . • • . . " . ' 

y - : > i • ' : . ' • . • ;•,••• ^ 

$2.12 

$23.28 

$1.75 

$74.81 

$2,500.00 

Disposa l Total 

. - . . ' ' • > y • . . 

Totals 
$ ^ 3 
$847 

$11,459 

$353 

$904 

$285 

$2,063 

$380 

$3,473 

$623 

$287 

$5,729 

$176 

$424 

$44,600 

'. :V::"~^ S: i 
$1,507 

$4,250 

$915 

$5,800 

S3.498 

$953 

$1,155 

1 S3.062 

$2,500 

$11,200 

Pump a n d Treat System \ 

Influenl VOC Analysis (3-dav tuniarouiid) 

hitluent pH Analysis 

Efnuent VQC Analysis (3-day turanaround) 

Effluent pH Atialvsis 

Shipping (cooler weighs 20 pounds) 

Miscellaneous Supplies 

33-02-1618 

33-02-1602 

33-02-1618 

33-02-1602 

33-02-2042 

Estimate 

28 
28 
4 
4 
4 
1 

EA 
EA 
EA 
EA 
EA 
LS 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

JO.OO 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 • 

$0.00 

$38.60 

$250.00 

$235.55 

$7.15 

$235.55 

$7.15 

$38.60 

$250.00 

\Comprelieiisive Basel ine Groundwate r Sampl ing a n d Analysis 

Labor (2 people . 10 hours/day, 13 days) 

VOC Analysis (21-day tuniaround) 

[pH .Analysis 

iShippinp (13 coolers per event weighing 20 pounds each) 

Equipment Shipping (assume each piece weights 25 pounds) 

2" Submersible Pump (Rental) 

Portable Generator (Rental) 

'pH/DOCoitductivi ty/Ternperalure Meter (Rental) 

'Water Level Indicator (Rental) 

Truck Renial 

Per Diem 

iLodpilig 

33-22-0108 

33-02-1618 

33-02-1602 

33-02-2042 

33-02-2042 

33-23-0517 

33-01-0503 

33-02-0571 

33-02-0572 

33-01-0102 

Illinois State Rate 

Illinois Slate Rate 

260 
88 
75 
13 
3 
3 
13 
3 
3 
13 
26 
22 

HR 
EA 
EA 
EA 
EA 
WK 
DY 
WK 
WK 
DY 
DY 
DY 

$48.58 

JO.OO 

$0.00 

$0.00 

JO.OO 

JO.OO 

$0.00 

JO.OO 

$0.00 

$0.00 

JO.OO 

$0.00 

SO.OO 

$0.00 

JO.OO 

$38.60 

$48.25 

$247.78 

SO.OO 

$80.22 

$0.00 

$39.19 

$0.00 

JO.OO 

System Star t -up 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0 .00 

$0 .00 

JO.OO 

$28.00 

$60.00 

Sampling a n d 

$48.58 

$117.78 

$7.15 

$36.60 

$48.25 

$247.78 

$67.06 

$80.22 

$68 .33 

$39.19 

$28.00 

$60 0 0 

Analysis Total : 

Si ibToial 

IPipiiip Inslallalion (7r of Fixed Capital Invesunenl) 

'Electrical InstaJlalion (% of Fixed Capital Investment) 

8% 
5'» 

Component Subtota l 

Coiistriiclion Oversight 

Overhead a n d Profit 

Contingency 

Grand Total Construction Costs (Rounded to Nca 

15% 
2 5 * 

lO';!' 

rest $1,000) 

$6,595 

$200 

$942 

$29 
$154 

S250 

$12,631 

$10,364 

$536 

$502 

$145 

J743 

S872 

$241 

$205 

$509 

$728 

$1..320 

$37,000 

$325,200 

$26,000 

$16,.100 

$367,500 

$55,100 

$91,900 

$36,800 

$551,000 

Key 

1 Reference Fonnat (##-#r^-####) is lor Environmemai Ri'iiieilintum at.\l Dala - A\\t'mblie.\. by RS Means, 2006. 

Reference Foniial (#(««-##«-##«» and ## #« ##.## ####) is for Building Cimstn ia i im Cost Daw . by RS Means. 2007. 

EA = Each. 

MO = Mondi . 

LS = Lump Sum. 

WK = Week. 

D-i' = Day. 

CY = Cubic yard. 

CLE 
LF 
AC 
SY 
SF 
Ml 

= 100 linear feel 

= Lineal feet. 

= Acre. 

= Square Yard. 

= Square feet. 

= Mile. 

Page 2 of 2 

file:///Comprelieiisive


ecology and enviroiimeiit, inc. 
International Specialists in the Environment 

33 North Dearborn Street 
Chicago, Illinois 60602 
Tel, 312/578-9243, Fax: 312/578-9345 

TRANSMITTAL LETTER 

To: Ml-. Jon Peterson, RPM 
U.S. Environmental Protection Agency 
Superfund 
77 W. Jackson Blvd. 
Chicago, Illinois 60604 

Date: 
Project No. 
Project: 

October 19, 2007 
002482,IA08.01 
Beloit Corp. RD/RA 

Sent by: 

0 Mail 

1 I Air Freight 

Hand Canied 

I I Under Separate Cover 

H Enclosed 

Per: Kevin Phillips, Ec&E Project Manager 

Quantity 

2 copies 

Item 

Report 

Description 

95% Remedial Action Design Analysis Report 
for Beloit Coiporation Site, Rockton, Illinois. 



2482IA0801 CHI1117 

( 

95% Design Analysis Report 

Beloit Corporation Site 
Rockton, Winnebago County, 

Illinois 

Illinois EPA ID: L2010355004 

linois EPA Procurement No.: HWA-8311 
Work Order No.: 2 

October 2007 

Prepared for: 

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
Bureau of Land 

Federal Sites Remediation Section 
1021 North Grand Avenue East 

P.O. Box 19276 
Springfield, Illinois 62794-9276 

© 2007 Ecology and Environment Engineering, Inc. 

el ] ecology and environment engineering, inc. 
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Design Analysis Report Section No. 
Revision No. 

Date 

1 
0 
October 2007 

1 Introduction 

This document was prepared for the Illinois Environmental Protection Agency 
(Illinois EPA) under Professional Services Agreement Number HWA-8311, Work 
Order No. 2, dated June 20, 2007, between Illinois EPA and Ecology and 
Environment, Inc. (E & E). 

Under this work order, E & E was tasked to develop this 95% Design Analysis 
Report for the Beloit Corporation Blackhawk Facility (Beloit) site located in 
Rockton, Winnebago County, Illinois. The Design Analysis Report documents 
the overall management strategy for performing the design, planning the remedial 
action (RA), and developing a long-term operations and maintenance (O&M) 
program, pursuant to the fmal remedy set forth in the Record of Decision (ROD) 
for the Beloit site (Illinois EPA 2004). 

Ecology and Environment Engineering, Inc. (EEEI), E & E's wholly owned, 
Illinois-licensed engineering subsidiary, developed this document. 

The Illinois EPA is the lead agency and the United States Environmental 
Protection Agency (EPA) is the support agency for this site. 

1.1 Purpose of the Design Analysis Report 
The purpose of this Design Analysis Report is to compile, for Illinois EPA and 
EPA review and approval, all ftinctional and technical requirements and all 
provisions applicable to the remedial action, which include the following: 

• Design assumptions and parameters, including technical and functional 
restrictions based on results of the Source Area Investigation (SAI) and the 
Interim Source Control Action (ISCA) Engineering Evaluation; 

• Design calculations including determination of performance efficiencies for 
treatment systems' unit processes and equipment; 
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• Design drawing set showing site and equipment layouts, process flows, and 
locations of construction activities; 

• Requirements for equipment and identification of long-lead procurement 
items; and 

• Identification of the need for additional regulatory agency permits, coordina
tion with outside agencies, site access agreements, and easements. 

EEEI has incorporated Illinois EPA and EPA comments on the 30% Design 
Report submittal (EEEI 2007a) and on the 95% RD into this Design Analysis 
Report and into the 95% RD Report package. Written responses to comments are 
provided in Appendix A. 

Upon receipt of Illinois EPA comments on the 95% RD and Design Analysis 
Report, EEEI will incorporate the comments and prepare and submit the final RD 
documents to Illinois EPA. All RD documents will be comprehensive and 
complete so that bidding packages can be prepared and provided to remediation 
contractors. The final RD documents will include all of the 95%) RD documenta
tion, revised as agreed upon with Illinois EPA, plus the final cost and construc-
fion-related items as follows: 

• Final capital and O&M cost estimate; 

• Final construction schedule; 

• Draft O&M Plan; 

• Final construction quality assurance objecfives; and 

• Substantial requirements for CHSPs. 

The final remedial design will be a comprehensive set of specifications designed 
to meet the cleanup objectives (CUOs) established in the ROD for the Beloit site. 
Illinois EPA will hold the contract with the selected remedial action contractor(s). 
The CHSP(s) will be prepared by the remedial action contractor(s) selected to 
perform the tasks as required by the plans and specifications. The specifications 
prepared by EEEI will state the requirements of the CHSPs. Additionally, EEEI 
will finalize the O&M Plan following Illinois EPA comments; however, upon 
completion of site construction activities by the Illinois EPA Corrective Action 
Contractor (CAC), Bodine Environmental Services, Inc. (BES), the O&M Plan 
will require additional review. Additionally, record drawings will be prepared 
following construction. 
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This Design Analysis Report is composed of seven sections. Section 1 presents 
the introduction, purpose, and basis for development of the Design Report. 
Section 2 summarizes background information about the Beloit site and provides 
an overview of the existing site conditions. Section 3 delineates the groundwater 
treatment zones as defined by the SAI, and Section 4 discusses the current 
treatment system and findings from the ISCA Engineering Evaluation. Section 5 
presents the proposed treatment system design, and Section 6 describes additional 
considerations for the remedial action. Section 7 is a list of the references used in 
this report. 

o 

1.2 Basis for the Design Report 
The RA at the Beloit site is based on the Scope of Work (SOW) provided by the 
Illinois EPA, whichjias-ineorpomtedrinto E & E's RD Work Plan (WP; 
E & E 2006). Sort(e_of the tasks listey in the WP have been completed under the 
O&M activities provtUed by B1 
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2 Site Background 

2.1 Site Description 
The Beloit Corporation's Blackhawk Facility (the site) is located in Rockton 
Township in north-central Illinois. This National Priorities List (NPL, or 
Superflind) site occupies part of the northern half of Section 13 and the southeast 
quadrant of Section 12, T46N, RIE, Wirmebago County, Illinois. 

The site is bounded on the north by Prairie Hill Road, on the west by the Rock 
River, on the south by a line projected from the Rock River along the south edge 
of a village of Rockton easement and access road (for the village water tower) to 
Blackhawk Boulevard, and on the east by Blackhawk Boulevard (Figure 2-1). 
The NPL site area includes the Beloit Corporation property, the neighboring 
Blackhawk Acres subdivision, the former Soterion/United Recovery facility 
(Soterion), a portion of the Taylor, Inc. property, and the Safe-T-Way property. 

2.2 Site Geology and Hydrogeology 
Regional geology and hydrogeology information was obtained from the ROD and 
the remedial investigation and feasibility study (RI/FS). Source area geology and 
hydrogeology information was taken from the Source Area Investigation 
Technical Memorandum (E&E 2007). The SAI fieldwork was performed in 
December 2006 and concentrated on characterizing the source area adjacent to the 
Erection Bay. 

2.3 Regional Geology and Hydrogeology 
The site is located over the ancestral Pecatonica-Sugar Rivers Bedrock Valley, 
where it merges with the Rock River Bedrock Valley. The glacial deposits 
beneath the site consist of a coarse upper outwash, primarily in the vadose zone; a 
fine-grained middle outwash, typically at or below the water table; and a coarse
grained lower outwash, which is bounded below by a lacustrine clay deposit that 
extends laterally beneath the site. The shallow aquifer identified at the site 
consists of the outwash deposits present above the lacustrine clay unit. The depth 
to groundwater, generally unconfined across the site, is approximately 20 feet. In 
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general, groundwater flow is toward the southwest and south, ultimately 
discharging to the Rock River south of the village. 

The groundwater at the site and within the village of Rockton meets the standards 
of Title 35 Illinois Administrative Code (35 lAC) Part 620.210 Class I, Potable 
Resource Groundwater. 

The Remedial Investigation (RI) report provides hydraulic conductivity data for 
the middle outwash deposits estimated from bail-down slug tests conducted in 16 
monitoring wells across the site, including wells W23 and W23B at the Erection 
Bay. Hydraulic conductivities ranged from 1.8E-2 centimeters per second 
(cm/sec) to 9.6E-6 cm/sec, with a geometric mean of 5.5E-4 cm/sec. At the 
Erection Bay, hydraulic conductivities for W23 and W23B were reported as 
6.8E-3 cm/sec and 1 .OE-4 cm/sec, respectively. 

2.4 Source Area Geology and Hydrogeology 
Glacial deposits beneath the Erection Bay consist of a coarse upper outwash, 
primarily in the vadose zone, and a finer-grained middle outwash, typically at or 
below the water table. Soil materials observed in boreholes from the SAI were 
generally consistent with the geologic conditions observed and reported in the RI 
report. 

From the ground surface to 20 to 25 feet below ground surface (BGS), the upper 
outwash consists primarily of poorly sorted, well-drained, fine to coarse sand and 
fine to coarse gravel with occasional laterally discontinuous silty sand and silt 
intervals. Cobbles are frequently encountered in the upper outwash. This unit 
was difficult to penetrate with the drill rig due to the cobbles and the tendency for 
collapse, resulting in loose and unconsolidated cores. 

The upper outwash is underlain by the finer-grained middle outwash observed at a 
depth of 20 to 25 feet BGS and consisting of a very dense, brown to yellow-
brown sandy silt, interbedded with occasional thin sand, gravel, or silt seams. 
The middle outwash is observed to a depth of 50 to 55 feet BGS. Retrieved soil 
core materials were typically highly consolidated, with a cemented matrix. 
Occasional horizontally oriented fractures were observed. 

The water table was measured in the middle outwash in monitoring well W23 at a 
depth of approximately 26 feet BGS. Groundwater was rarely observed in a 
borehole during drilling, however, suggesting that the middle outwash below the 
Erection Bay is a relatively lower-conductivity zone than other areas south of the 
Erection Bay. Groundwater fiow in the middle outwash appears to be primarily 
by fracture flow. 
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Analysis of drawdown data from the pumping test at EWOl, using wells W23 and 
W23B as observation wells, was performed during the SAI. The estimated 
hydraulic conductivity calculated from this test was 7.6E-4 cm/sec. Extraction 
well recovery data yielded a calculated hydraulic conductivity value of 2.2E-4 
cm/sec. Both of these pump test hydraulic conductivity values are similar to the 
geometric mean value calculated from the RI data (5.5E-4 cm/sec). This suggests 
that the geometric mean value is a good estimator of the hydraulic conductivity 
for the middle outwash in the Erection Bay area. 

2.5 Site History 
The manufacturing facility formerly owned by the Beloit Corporation comprises 
the majority of the site. The Beloit Corporation is a former manufacturer of 
machines that produced layered paper products from paper pulp. The use of 
solvent for machine parts cleaning at the Beloit Corporation plant was identified 
as the source of groundwater contamination. 

In June 1999, the Beloit Corporafion filed for bankruptcy. In February 2002, 
EPA, the United States Department of Justice (DOJ), and Guiffre II, LLC, the 
new owner of the property located within the Beloit Corporation site, signed a 
settlement agreement under Section 122(h) of the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). The State was also a 
party to and signed the agreement in April 2002. The new property owner uses 
the site as a transfer station for drywall and other building materials. 

2.6 Summary of Previous Site Investigations 
In the early 1980s, the Illinois EPA investigated United Recovery and private 
water supply wells located in the Blackhawk subdivision. The discovery of 
volatile organic compounds (VOCs) [primarily tetrachloroethene (PCE) and 
1,1,1-trichloroethane (1,1,1-TCA)] in residenfial groundwater led to subsequent 
groundwater quality studies and the inclusion of the Beloit Corporation site on the 
NPL. Pursuant to a consent decree, the Beloit Corporation was required to 
complete an RI/FS, which included the Beloit Corporafion property. 

During the RI, soil, soil gas, and groundwater quality data was gathered by 
Montgomery Watson Americas, Inc., consultant to the Beloit Corporation 
(Montgomery Watson 1999). Because of elevated concentrafions of PCE in 
groundwater from monitoring wells W23/W23B and W36C and in vicinity soils, 
the southem area of the Erection Bay is believed to be the source area for the On-
Property Groundwater Plume. High levels of PCE in groundwater have been 
persistent at this location, despite implementation of the ISCA pump-and-treat 
system and placement of an extraction well (EWOl) in the vicinity. In the RI 
report, Montgomery Watson estimated the dimensions of the Erecfion Bay source 
area (groundwater VOCs in excess of 1,000 micrograms per liter [|ag/L]) to be 

05:2482IA0801_CHII 117_95% RD NJB.doc-IO/19/2007 2 - 3 



ecology and environment engineering, inc. 2. SltB BdCkprOUnCl 

Design Analysis Report Section No. 
Revision No. 

Date 

2 . 
0 
October 2007 

approximately 100 feet by 120 feet (12,000 square feet), and conservafively 
estimated that the plume in this area extends to a depth of 60 feet BGS. 

Based on the RI, the Illinois EPA determined that the VOC contamination of 
groundwater originates on the Beloit Corporation property and extends via a 
plume into the Village of Rockton and the southem portion of the Blackhawk 
Acres subdivision. A second plume, containing trichloroethene (TCE) and 
located deeper within the shallow aquifer, originates near the southeast comer of 
the Beloit Corporafion property and extends into the village of Rockton. The 
source of the TCE plume could not be identified. 

e 
A Baseline Risk Assessment (BLRA) was conducted by the Beloit Corporation 
with oversight by the Illinois EPA. The Illinois EPA conditionally approved the 
BLRA in December 2000, and Beloit Corporation submitted the final BLRA, with 
requested revisions, in January 2001. 

Based on the RI and BLRA, chemicals of concem (COCs) at the Beloit Corpora
tion NPL site are chlorinated VOCs in groundwater and soil. The VOCs in 
groundwater on and around the site are distributed into three plume categories that 
incorporate the five separate areas of VOCs idenfified in the RI report. These 
three plume categories are as follows: 

• Groundwater VOC Source Area - On the Beloit Corporation property near 
the current location of the Erection Bay. 

• On-Property Groundwater Plume - On the Beloit Corporation property. 
This plume includes all the VOC-contaminated groundwater detected in the 
central portion of the Beloit Corporation property. 

• Off-Property Groundwater Plumes - Off the Beloit Corporafion and NPL 
site boundaries. This off-property area includes the following groundwater 
plumes and areas of VOC groundwater contaminafion, as described in the RI: 
- TCE plume; 
- That portion of the On-Property Groundwater Plume that extends south of 

the NPL site into the Village of Rockton; and 
- Southem Blackhawk Acres subdivision wells. 

In November 2001, the final feasibility study (FS) that discusses and compares 
the potential cleanup remedial altematives was completed by the Beloit 
Corporafion. The Illinois EPA condifionally approved the final FS in January 
2002. 
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2.7 Previous Remedial Actions 
In 1993, the Illinois EPA installed point-of-entry carbon filtration units in 
residences with impacted wells in the Blackhawk Acres subdivision. The Illinois 
EPA currently maintains and monitors these systems. The ISCA pump-and-treat 
system was installed in 1996 by Beloit Corporation, with the approval of the 
Illinois EPA. The system consists of four extraction wells and an air-stripping 
tower located in the southeastem comer of the Beloit Corporation property. The 
system is designed to contain groundwater within the Beloit Corporation property 
and provide treatment of extracted groundwater by air stripping. Treated 
groundwater is discharged to the Rock River under a National Pollutant Discharge 
Elimination System (NPDES) permit, at an outfall located on Beloit property. 
The VOC groundwater plumes in the Village of Rockton and the Blackhawk 
Acres subdivision have been naturally attenuating since the ISCA pump-and-treat 
system was implemented. 

BES, a State Procured Corrective Action Contractor, is responsible for long-term 
groundwater monitoring and O&M associated with the existing ISCA pump-and-
treat system. Groundwater monitoring is performed quarterly pursuant to the 
Action Memorandum for the ISCA and the Removal Action Design Report, both 
of which are part of the Administrative Record for the site. 

2.8 Scope of the Final Remedial Action 
The final ROD for the Beloit Corporation site was signed in September 2004. 
The selected remedial action contained in the ROD is a final, sitewide remedy that 
addresses the groundwater and soil contamination at the site. The ROD specifies 
that the primary remedy for the site is the existing ISCA pump-and-treat system, 
which is to be augmented by chemical oxidation of groundwater and soil in the 
Erection Bay source area, and the installation of additional extraction wells, as 
necessary. The ROD requires institutional controls to prohibit the installation of 
potable water wells on Beloit Corporation property until the groundwater is 
restored to the more stringent of either the federal maximum contaminant levels 
(MCLs) or State of Illinois Class I groundwater standards for all COCs. 

Additionally, monitored natural attenuation of groundwater in the Blackhawk 
Acres subdivision and in the Village of Rockton is to be performed until the more 
stringent of either the MCLs or State of Illinois Class I groundwater standards is 
achieved for all COCs. Groundwater at the Erection Bay and any contaminated 
soils associated with the source area constitute the principal threats at the site. 

In December 2006, pursuant to the ROD, soil and groundwater below and in the 
vicinity of the Erection Bay were investigated to delineate the area where 
groundwater VOC concentrations were the highest. This data was to be used to 
develop a work plan for a chemical oxidafion pilot test. 
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However, results from the SAI identified several factors that mitigated against the 
implementation of chemical oxidation as a treatment tool for the source area. 
These factors were reported to the Illinois EPA in a Technical Memorandum 
(E&E 2007) and include: 

• Extent of the Source Area. The SAI idenfified a source area (i.e., an area 
where groundwater total VOC concentrations are approximately 500 ^g/L, or 
more) that is approximately five times larger than the source area delineated in 
the RI and evaluated in the FS report. Figures 2-2 through 2-4 show the 
source area plume size and concentrations for PCE, TCE, and cis-1,2-
dichloroethylene, respectively. 

• Soil Conditions in Source Area. Source area soils were found to be highly 
consolidated and extremely dense with relatively low permeability, which 
would make the introduction of an oxidant difficult and would result in poor 
oxidant transport and decreased efficiency and effectiveness. 

• Potential Cost Increase. Cost increase due to the increased plume size and 
multiple injections required to meet cleanup objecfives could drive the cost to 
six times the estimated cost presented in the FS. 

Given the results of the SAI, and the factors described above that potentially 
could inhibit implementation of chemical oxidation, E & E evaluated other 
technologies that might be viable for addressing the source area. Several 
technologies were eliminated in the FS report and were not considered ftarther by 
E & E . These included slurry walls, passive wall treatment, and thermal vapor 
extraction. Soil vapor extraction (SVE) was screened out due to the lack of VOCs 
in the vadose zone. Air sparging and dual-phase vapor extraction were consid
ered but eliminated due to some of the same issues surrounding chemical 
oxidation, i.e., the need for numerous injection/extraction points, poor contact 
between injected/extracted air and matrix contaminants, and significant infrastmc-
ture requirements (piping, blowers, etc.) that could impact facility operations. 
Enhanced biodegradation was similarly eliminated due to the need to inject 
substrate for microorganisms, or other solutions to control subsurface redox 
conditions, and the potential for the generafion of vinyl chloride. 

The remaining viable technology for the source area was detennined to be 
groundwater extraction and treatment, i.e., the constmction of one or more 
additional extraction wells in the source area and pumping the water to the 
existing ISCA air stripper. Potential operational and adminisfrative benefits of 
this approach included: 

o 
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• The existing aif stripper on site has proven to be effective, has the capacity to 
accommodateUdditional extraction wells, and has low additional capital costs 
and a low operating cost. 

• Construction of additional extraction wells would cause minimal impairment 
of ongoing facility operations. 

• To increase the effectiveness of additional extraction wells, hydraulic 
fracturing of well boreholes could be performed prior to well installation, and 
pulsed-pumping schedules could be employed to maximize the removal of 
VOCs. 

• The ROD included contingency provisions for the constmction of additional 
extraction wells. 

Because of these factors, E & E recommended that the Illinois EPA move forward 
with the design of additional extraction wells for the Erection Bay source area, in 
lieu of chemical oxidafion. Following review of the SAI Technical Memoran
dum, the Illinois EPA and EPA concurred. Currently, an Explanation of Significant 
Differences (ESD) ig being prepared to document this change to the ROD. 

i / JO^ 2 ^ / ^ l X € ^ Cf^i^ 
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3 Groundwater Treatment Zone 
Delineation and Well Layout 

Past reports have documented the migration of VOCs released from the vicinity of 
the Erection Bay, along with groundwater, to the southwest, essentially parallel to 
the river. The natural discharge area for groundwater originating on the Beloit 
property would be the Rock River south of the village. However, the ISCA 
pump-and-treat system has been capturing this groundwater. VOCs within the 
capture zone of the ISCA pump-and-treat system are removed and treated by air 
stripping. 

The SAI was conducted to determine the vertical and horizontal extent of the 
source area contamination in an effort to develop a remedial plan that would 
reduce operating time of the pump-and-treat (P&T) system. SAI activities 
included groundwater sampling, vadose-zone soil sampling, surveying, water 
level measurements, and an existing monitoring well survey. In general, all 
procedures were conducted in accordance with the Illinois EPA-approved Work 
Plan, Field Sampling Plan (FSP), and Quality Assurance Project Plan (QAPP) 
documents prepared by E & E (E & E 2006). The QAPP was also approved by 
EPA. The findings of the SAI were reported in the document, Technical 
Memorandum for Source Area Investigation (E&E 2007). 

Data on groundwater quality within the Erection Bay source area was collected 
from existing monitoring wells and from nine borehole locations. Three 
boreholes were located in areas outside the Rl-defined source area based on 
unanticipated results obtained during the field-screening activities. In order to 
determine the presence of contamination in the vadose-zone soils within the 
Erection Bay source area, vadose-zone soil samples were also collected. 

The SAI identified a source area (i.e., an area where groundwater total VOC 
concentrations are approximately 500 |ig/L, or more) that is approximately five 
times larger than the source area delineated in the RI and evaluated in the FS 
report (Figure 3-1). The FS considered a source area with dimensions of 100 feet 
by 120 feet (an oval-shaped area of 10,000 square feet). The redefined source 
area identified during the SAI consists of an oval-shaped area approximately 300 
feet by 225 feet (i.e., 54,000 square feet). 
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There was a lack of chlorinated VOCs detected in vadose-zone soils sampled 
during the SAI. This finding is consistent with results from the RI. Observations 
of soil cores taken during the SAI and the SAI analytical results suggest that there 
is little or no residual vadose-zone soil source contributing to VOCs in groundwa
ter at the Erection Bay. Therefore, the proposed treatment area for the remedial 
design is the source area groundwater only. 

The results presented in the Technical Memorandum for Source Area Investiga
tion (E&E 2007) are the primary basis for the design of the groundwater P&T 
system extension into the Erection Bay source area. Site-specific field data from 
other reports, including the Remedial Investigation Report (Montgomery Watson 
1999) and Quarterly ISCA Status Reports prepared by Montgomery Watson, 
Sigma Environmental Services, and BES, were also used to evaluate the current 
system and design the extension. To simulate potential pumping rates and capture 
zones for the proposed P&T extension, a groundwater flow model was utilized. 
Guidance documents, including Design Guidelines for Conventional Pump and 
Treat Systems (EPA/540/S-97/504) and Standard Guide for Application of a 
Ground-Water Flow Model to a Site-Specific Problem (ASTM D 5447-93) were 
also consulted during the design evaluation. 

The procedure for applying the groundwater model included the following steps: 
define study objectives, select a computer code, construct the groundwater flow 
model, calibrate the model and perform sensitivity analysis, make predictive 
simulations, and document the process. Each of these steps is described below. 

3.1 Study Objectives 
The objective for the P&T extension into the Erection Bay source area involves 
optimizing well locations and extraction rates to maintain effective hydraulic 
capture within contamination zone(s), minimizing stagnation zones, and 
maximizing pore volumes pulled through the system, in order to reduce 
contaminant concentrations to cleanup standards (the more stringent of MCLs or 
Illinois Class 1 standards), maximize mass removal, and minimize cleanup time 
and cost. Using the delineation of Erection Bay contaminant areas described in 
the Technical Memorandum (Figure 3-1), a capture zone analysis was performed 
to optimize the P&T design. The analysis allowed evaluation of altemative 
extraction schemes, and visualization of groundwater path lines and contaminant 
particle travel times from capture to extraction and treatment. 

3.2 Model Selection 
The software used was FLOWPATH II (Version 1.1), developed by Waterloo 
Hydrogeologic Inc. FLOWPATH II is a two-dimensional, finite difference, 
groundwater flow, path line, and contaminant transport modeling package. An 
earlier version of this software was used in design of the existing ISCA P&T 
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system. The earlier model results were reported in the Removal Action Design 
Report (Montgomery Watson 1996a). 

3.3 iVIodel Construction 
Groundwater flow model construction involves the process of transforming 
important aspects of the physical hydrogeologic system being modeled into 
mathematical form. Building the model in FLOWPATH II required a base map, 
definition of a two-dimensional finite difference grid, well locations, aquifer 
properties, head boundary conditions, and observation points for model calibra
tion. The following is a description of the model input parameters and a 
discussion of the rationale for the selection of those parameters. 

Unit System: English units (ft/gal/day). 

Base Map: The base map for the modeled area was obtained by digitizing 
portions of Drawing No. F5 from the RI Report, which was developed from an 
aerial survey performed in November 1990. Consistent with the RI Report, the 
Illinois State Plane Coordinate System and U.S. Geological Survey (USGS) 
elevation datum were applied to the model base map. 

Grid Parameters: The model grid is 83 columns by 58 rows (Figure 3-2). The 
grid spacing is based on 40-foot grid nodes, with nodes refined to 10 to 20 feet 
around existing extraction wells and proposed new wells. 

Observation Weils: Nine monitoring wells were selected from the model area to 
serve as observation wells and to provide points for matching observed versus 
calculated heads during model calibration. Average water table elevations 
measured at each well location prior to installation of the ISCA were used as the 
observed heads, with the objective of calibrating the model to pre-pumping flow 
conditions around the Erection Bay. Water table elevations used in the model 
were taken from the RI Report and are provided in Table 3-1 and shown on 
Figure 3-7. No extraction wells were included in the calibration run. 

Aquifer Properties: Two different aquifer property zones were defined 
throughout the model. These zones and values are shown on Figure 3-3. To 
define the zones, bail-down slug test data and geologic cross-section information 
provided in the RI Report were evaluated for each monitoring well located in the 
model area. When the RI conductivity data was mapped, it was observed that a 
zone of higher hydraulic conductivity (i.e.. Zone 2, which was one to two orders 
of magnitude greater) exists along the south and east boundaries of the model 
area. Wells in this area, with the exception of well W32, were identified in the RI 
as screened in the coarse upper outwash. The coarse upper outwash is composed 
mainly of coarse sand and gravel. The geometric mean value for conductivity in 
Zone 2, based on slug test data, was calculated to be 19 feet/day. A value of 
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10 feet/day was used in the final calibrated model. Conductivity values in Zone 1 
were significantly lower, and correspond to the fine middle outwash defined in 
the RI Report. The fine middle outwash is predominantly silty sand and silt and 
has a calculated geometric mean conductivity value of 1.6 feet/day. These aquifer 
materials and conductivity values were confirmed during the SAI. A pumping 
test conducted in extraction well EWOl located at the southwest comer of the 
Erection Bay and screened in the fine middle outwash resulted in a calculated 
hydraulic conductivity value of 2.1 feet/day. A value of 2.0 feet/day was used in 
the final calibrated model. 

The porosity assigned to each zone is the effective porosity, which is defined as 
the volume of aquifer material divided by the volume of interconnected pore 
space available for groundwater to flow. This is always less than the total 
porosity. A lower effective porosity value of 0.1 was assigned to Zone 1 
compared to Zone 2 (0.2) due to the prevalence of silt in Zone 1 aquifer materials. 

Aquifer Bottom Elevations: The aquifer bottom elevation was designated as the 
top of the extensive clay unit identified during the RI at a depth of between 60 and 
80 feet below the model area. Three zones were blocked out to represent the 
elevation of a thin clay ridge (690 feet above mean sea level [amsl]) and two 
transition zones surrounding the ridge (680 and 670 feet amsl). The various 
bottom elevation zones incorporated into the model are shown in Figure 3-4. 

Boundary Conditions: The Erection Bay source area is situated in a complex 
flow field that is significantly influenced by the Rock River, the downstream 
hydroelectric plant dam/spillway, and a northeast-to-southwest-trending 
groundwater high located north and west of the Beloit Corporation facility. 
Figure 3-5 shows the model area superimposed on pre- and post-ISCA water table 
maps. These maps demonstrate the persistent effect of the groundwater high and 
the Rock River on the flow field, regardless of ISCA pumping, and the general 
groundwater contours the model was designed to simulate. Specifying the 
boundary conditions of the groundwater fiow model included assigning a 
boundary type to every point along the boundary surface of the aquifer system 
and to intemal sources or sinks, in order to simulate the observed flow field. 

The Rock River is typically a groundwater discharge area along its length. 
However, the dam on the Rock River in the village controls the relationship 
between surface water and groundwater in the area of the pool behind the dam. 
Where the head in the pool is greater than the head in the groundwater system, 
surface water is induced to flow from the river into the aquifer. This effect 
extends upriver to approximately the mid-point of the model area around 
monitoring wells W6 and W38. These wells represent an inflection point in the 
flow field where regional groundwater flow toward the river is tumed away from 
the river due to head pressiire of the pool. 
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The groundwater high north and west of the Erection Bay is a divide between 
flow to the Rock River, to the northwest, and to the Rock River below the dam 
south of the Village. The groundwater high is maintained by rainfall recharge to 
the aquifer, regional flow into the area, and the pool upstream of the dam. The 
groundwater high is consistently observed in monitoring well W42, immediately 
west of the Erection Bay, and in well W40, north and east of the bay, where an 
elevated water table is routinely measured. The groundwater high causes a slight 
southeasterly direction of flow through the Erection Bay source area, before a 
more south/southwesterly flow develops downgradient in the Storage Yard Area. 

To simulate the observed flow, a combination of constant head and river nodes 
were required in the model (Figure 3-6). River nodes were designated along the 
westem boundary to simulate the Rock River and the backwater areas west of the 
Erection Bay. The heads assigned to the river nodes were based on average 
elevations from staff gages reported in the RI. The river bed elevations were 
designated to maintain a constant 8-foot river depth along the length of the river. 
The leakage factor assigned to the river bed was taken from the Removal Action 
Design Report (Montgomery Watson 1996a), and determined by model 
calibration runs. 

Constant head nodes were required to simulate the persistent groundwater 
high/divide located north and west of the Erection Bay. Along the east and south 
boundaries of the model area, constant heads nodes were required to simulate the 
observed flow field. These artificial conditions on the grid boundary did not 
significantly impact the predictive capabilities of the model in the area of interest 
around the Erection Bay. Head values used for the constant head nodes were 
taken from average water table elevations measured prior to ISCA operation 
(Table 3-1) and reported in the RI. 

Areal Recharge: An infiltration rate of 4 inches per year was assumed based on 
an average percolation rate through non-sloping vegetated land in the Midwest 
region of the United States. This value was also used in design of the ISCA P&T 
system. 

Aquifer Type: Unconfined. 

3.4 IVIodel Calibration 
Calibration of the groundwater flow model was performed by trial-and-error 
adjustments to hydraulic parameters, boundary conditions, and initial conditions 
within reasonable ranges to obtain a match between observed and simulated flow 
potentials. The Pre-ISCA Average Water Table Map (Figure 3-7) and the general 
flow configurations shown in Figure 3-5 were used as the basis for calibration. 
The final calibration run for the modeled area is shown in Figure 3-8. Calibration 
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was evaluated through analysis of residuals. A residual is the difference between 
the observed and simulated head at a given location. Observed heads from eight 
water table well locations on the Average Water Table Map (Figure 3-7) were 
compared to model calculated heads by using a calibration routine in the 
FLOWPATH II software. The comparison is graphically presented on Figure 3-8. 
The mean error for the final calibration run was 0.001109 feet, and the root mean 
squared (RMS) error was 0.6504 feet. The low RMS value indicated that the 
model has been calibrated within reasonable tolerances. 

The global water balance was also used to evaluate the validity of the simulation. 
A global water balance was calculated in FLOWPATH II after mnning the flow 
model. The water balance function computes all fluxes into and out of the model 
domain caused by pumping, recharge, leakage, and boundary conditions. To 
maintain continuity under steady-state conditions, the sum of all fluxes should be 
equal to zero. The validity of the converged model solution is best when the 
global water balance is small. Typically, the maximum acceptable water error 
balance should be less than 1% to 3%. For the final calibration run, the total mass 
balance error was -0.001670% (Figure 3-8). 

3.5 Sensitivity Analysis 
Because the aquifer system being modeled is heterogeneous, there is uncertainty 
inherent in the representation of complex and variable geologic and hydrologic 
conditions with a finite mathematical model. Sensitivity analysis was used in the 
calibration process to identify those parameters that are the most important to 
model reliability. The purpose of the sensitivity analysis was to identify the 
uncertainty in the calibrated model caused by uncertainty in the estimates of 
aquifer parameters and other inputs. All geologic and hydrologic inputs, e.g., 
lithology, thickness, continuity, hydraulic properties, water sources, and sinks, 
were considered to have some degree of uncertainty; however, the parameters 
selected for sensitivity analysis were those that would have the greatest effect on 
potential changes in hydraulic head and the ability of the model to simulate the 
physical hydrogeologic system. Although all input parameters were varied to 
some degree during the trial-and-error calibration of the model, the primary 
parameters identified for sensitivity analysis were the hydraulic conductivity, 
rainfall recharge, and river bed leakage. 

The sensitivity analysis for hydraulic conductivity (increased one order of 
magnitude and decreased one-half order of magnitude) was performed for Zone 1, 
where the mass of contaminants requiring cleanup occur. Increasing the hydraulic 
conductivity value one order of magnitude in Zone 1 resulted in minor deviations 
from observed groundwater levels, but an increase in the RMS value of approxi
mately 16% and a slightly greater total water balance error. Decreasing the 
hydraulic conductivity in this zone resulted in groundwater levels significantly 
different than observed conditions and an RMS value approximately 39% higher 
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than the calibrated value. This indicated that the actual area-averaged conductiv
ity in Zone 1 could be slightly higher, but is unlikely to be lower than the value 
used in the model. However, the calibrated model value provided a reasonable 
balance of residuals, RMS error, and water balance error values. 

The sensitivity analysis for increasing recharge resulted in flooding the system 
and calculated heads that did not reflect observed groundwater levels. Therefore, 
it is unlikely that an increased rainfall recharge scenario is present. Reduction of 
rainfall recharge by one-half order of magnitude resulted in negligible differences, 
indicating that minor fluctuations in seasonal recharge would have limited impact 
on the predictive abilities of the model. 

Increasing or decreasing the river bed leakage value within the selected range of 
values had little to no effect on the model simulations. 

3.6 Evaluation of Existing ISCA P&T System at Erection 
Bay Source Area 

To evaluate the effectiveness of the existing P&T system in the Erection Bay 
source area, extraction wells EWOl and EW02 were incorporated into the 
calibrated model. Figure 3-9 shows the approximate capture zones for PCE that 
have developed around EWOl and EW02 since the ISCA was implemented in 
July 1996. The pumping rate for EWOl, 10 gallons per minute (gpm), was based 
on rates recorded during weekly inspections. This rate was time-averaged to take 
into account the pulsed-pumping scheme (daily 10 to 15 gpm for 20 hours, 
followed by 4 hours down) and significantly longer periods when EWOl was 
down due to O&M issues. In the model domain, drawdown in extraction well 
EWOl was 18.05 feet during simulated pumping at a time-averaged rate of 10 
gpm. This is comparable to an actual drawdown of 19.3 feet measured in EWOl 
while pumping at approximately 16 gpm during the Source Area Investigation 
short-term pump test (E&E 2007). 

The pumping rate for EW02, 15 gpm, was similarly time-averaged to account for 
fluctuations in recorded pumping rates, and down periods. Extraction well EW02 
is not pulse-pumped. 

The capture zones for the two extraction wells illustrate several issues that lead to 
low system effectiveness: 

• Low pumping rates lead to limited capture zones. Complete capture of the 
Erection Bay source area plume has likely not been achieved, even after 
approximately 10 years of pumping. Low hydraulic conductivity around 
EWOl and unanticipated down time due to property transfer and O&M issues 
are contributing factors. The cause of low rates in EW02 (designed to pump 
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25 gpm) is unknown, but is being investigated by the O&M contractor 
(Bodine Environmental Services). 

• Inadequate location of EWOl. The original objective for the ISCA system 
was to initiate contaminant mass removal while containing groundwater 
within the Beloit property boundaries. Now that the Erection Bay source area 
plume has been shown to be larger than anticipated and oriented in a south
easterly direction, the location of EWOl is inadequate for efficient plume 
removal. 

• Extraction well EWOl, placed at the contaminant area perimeter, withdraws a 
large volume of clean groundwater from beyond the plume via flowlines that 
do not flush the contaminated zone. While operating, EWO 1 withdraws less 
than half of its incoming water from a contaminated zone (Zone A, see Figure 
3-9), likely resulting in an effective withdrawal rate of only 5 gpm. Similarly, 
well EW02 withdraws groundwater from areas outside the contaminated zone, 
thereby reducing its effective withdrawal rate to approximately 10 gpm. 

Restoration of the aquifer requires that sufficient groundwater be flushed through 
the contaminated zone to remove both existing dissolved contaminants and those 
that will continue to desorb from porous media and/or diffuse from low-
permeability zones. To further asses the existing P&T system in the Erection Bay 
source area, the times required to pump one pore volume (PV) of groundwater 
from the source area contaminated zone, and estimates of the number of PVs 
needed for cleanup were calculated (EPA/540/S-97/504). Table 3-2 provides the 
estimated pore volumes required to flush the contaminated zones and the 
minimum time required to reach cleanup (e.g., MCL for PCE [5 |ag/L]), given the 
effective withdrawal rates of 5 gpm for EWOl and 10 gpm for EW02. From this 
table, it is obvious that the time required under current conditions may be 
extensive, ranging up to 68 years. It should be noted that this analysis may 
generally oversimplify the complex site conditions, and uncertainties surrounding 
the actual average contaminant concentrations and the minimum number of pore 
volumes required would have an effect on the result of the time frame calculation. 
However, it provides an indication that improvements to the current system are 
required for the Erection Bay area. 

A particle tracking routine in the FLOWPATH II software was used to evaluate 
capture of PCE under steady-state (maximum time) conditions. In Figure 3-10, 
particles were placed at the perimeter of the outermost contaminated zone 
(Zone C), and allowed to travel under current pumping conditions. The results of 
this model mn suggest that some portions of the contaminated zone are never 
captured by extraction well EWOl or EW02. Although these particles are likely 
captured by well EW03, located further downgradient of the Erection Bay (not 
part of the model), additional time is required for this travel to occur and 
ultimately contributes to prolonging the remediation time frame. 
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3.7 ISCA Extension into the Erection Bay Source Area 
The calibrated model was used to examine altemative extraction well schemes in 
the Erection Bay area. The FLOWPATH II model allows the graphical addition 
and deletion of pumping and observation wells and the ability to edit their 
location, pumping rates, and observed head values. By trial-and-error adjustment 
of the number of extraction wells, their location, and various trial pumping rates, 
an optimum configuration of extraction wells in the Erection Bay source area was 
determined. Multiple simulations were mn with the objective of maximizing pore 
volumes pulled through the system (maximize pumping rates), minimizing 
stagnation zones between extraction wells, and achieving quick capture of the 
contaminant mass. 

A combined source control, mid-plume, and downgradient pumping scheme was 
determined to be optimal in reducing the flow path and travel times of contami
nants to extraction wells. Under this configuration, extraction well EWOl was no 
longer utilized, but a replacement well, EW05-NEW, was positioned at the 
opposite comer of the Erection Bay, closer to the center of contaminant mass in 
the most contaminated zone (Zone A). Two new extraction wells, EW06-NEW 
and EW07-NEW, were positioned in roughly a line extending from the southeast 
comer of the Erection Bay to extraction well EW02. The location of the proposed 
new wells and the PCE capture zones anticipated to develop after 10 years of 
pumping are shown in Figure 3-11. Maximum achievable pumping rates 
determined in the model were 9 to 11 gpm for wells EW05-NEW, EW06-NEW, 
and EW07-NEW, and 25 gpm for existing well EW02. 

The estimated pore volume required to flush PCE contamination and the 
minimum time required to reach cleanup (i.e., the MCL for PCE) was calculated 
using the modeled extended extraction system. Table 3-2 provides these results. 
Due to the increased pumping rates and the distribution of new extraction wells, 
the estimated minimum time for required pore volume removal (approximately 17 
pore volumes) prior to reaching the MCL was calculated to be approximately 25 
years, or 64% less than required under existing conditions (EWOl and EW02 
pumping at their current rates). 

Finally, the calibrated model was used to place PCE particles at the perimeter of 
the contaminated zone (Zone C, concentrations > 5 fig/L) to evaluate capture 
under steady-state conditions. Figure 3-12 shows the results of this simulation. 
Capture of PCE from the far boundary of Zone C is achieved within 12 to 14 
years, with complete capture of the more contaminated Zones A and B achieved 
in I to 5 years. 

Finally, pneumatic fracturing technology was evaluated as a means to increase the 
hydraulic conductivity of the aquifer around each new extraction well, and 
thereby increase the yield of new wells. A sensitivity analysis was performed by 
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simulating a zone of higher conductivity around each new extraction well in the 
model. The higher-conductivity zones had a maximum radius of approximately 
25 feet, and post-fracture conductivity increases ranging from two times to 10 
times greater than the surrounding formation (i.e., greater than 2 feet/day) were 
modeled. Results suggest that fracture-induced increases in hydraulic conductiv
ity have the potential to increase overall well yields (from approximately 10 gpm 
to a maximum of 14 gpm from each new extraction well), and thereby further 
reduce the remediation time frame by approximately 3 to 7 years. The results of 
the evaluation are shown in Table 3-2 and Figure 3-13. 

The effectiveness of fracturing will be dependent on the magnitude of conductiv
ity increase achieved in the field. Model data suggests that the maximum 
reduction in remediation time frames occurs with a hydraulic conductivity 
increase of approximately 250% to 400% (i.e., an increase of three and one-half to 
five times). Additional factors that may affect fracture effectiveness include the 
achievable radius of influence and the ability to maintain open fractures over 
time. Although a reduction in the remediation time frame of 3 to 7 years is 
important, a cost benefit analysis was performed to determine whether the 
potential hydraulic conductivity enhancement will reduce the time frame for 
cleanup sufficiently, or provide other benefits, to justify the additional cost of 
fracturing. 

Annual O&M costs for the existing treatment system at the Beloit site are 
approximately $100,000 per year. The estimated cost associated with performing 
pneumatic fracturing at three locations is $35,000. Based on the modeling 
performed, it has been estimated that fracturing will reduce remedial operations 
by 3 to 7 years. Assuming a conservative estimate of 3 years and an annual O&M 
cost of $100,000 per year, pneumatic fracturing will save approximately $265,000 
in O&M costs (3 years * $100,000/year - $35,000). While pneumatic fracturing 
increases the cost associated with installing additional groundwater extraction 
wells, there is overall cost-savings associated with the project budget. 

Based on this modeling, it is proposed that the design for the extraction system 
extension include three new extraction wells, rehabilitation of well EW02 to 
increase its pumping rate, and shutdown of EWOl. Abandonment of EWOl is not 
recommended initially; however; this may be required after the extended 
extraction system becomes operational. To monitor the effectiveness of the 
extension system, six additional monitoring wells will be required within the 
Erection Bay area. Existing monitoring wells, including wells W23 and W23B, 
will continue to be used to monitor the new system, as will all other monitoring 
wells currently being sampled under the ISCA Quarterly Sampling efforts. 
Within a few years' time, it is anticipated that a measurable downward trend in 
VOC concentrations would be observed in Erection Bay monitoring wells, and a 
remediation end point could be estimated from the trend analysis. Performance of 

05:24821A0801_CH11117_95% RD NJB.doc-10/19/2007 3 - 1 0 



ecology and environment engineering, inc 3̂  Groundwater Treatment Zone Delineation and Well Layout 
Design Analysis Report Section No 

Revision No. 
Date 

3 
0 
October 2007 

the new extraction system would also be subject to 5-year review, thereby 
providing an opportunity to make additional system adjustments or further 
enhancements to the overall remedy. 
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Table 3-1 
Pre-ISCA Water Table Elevations 

Beloit Corporation NPL Site, Rockton, Illinois 

• 
W6 
W13 
W21 
W23 
W32 
W34 
W38 
W40 
W42 

i 
725.11 
726.59 
723.98 
727.38 

NM 
NM 
NM 
NM 
NM 

i 
726.06 727.69 
724.1 
727.99 

NM 
NM 
NM 
NM 
NM 

1 
726.04 
726.59 
723.98 
727.44 

NM 
NM 
NM 
NM 
NM 

1 
726.72 
728.83 
725.02 
728.04 

NM 
NM 
NM 
NM 
NM 

1 
728.02 732.29 
728.02 
731.34 

NM 
NM 
NM 
NM 
NM 

1 
727.64 
733.33 
728.45 
732.02 

NM 
NM 
NM 
NM 
NM 

1 
725.83 
728.04 
724.67 
728.04 

NM 
NM 
NM 
NM 
NM 

1 
725.46 
728.01 
724.94 
728.27 

NM 
NM 
NM 
NM 
NM 

1 
725.28 
727.99 
724.64 
727.93 

NM 
NM 
NM 
NM 
NM 

1 
724.77 
727.56 
723.45 
727.66 
727.8 
727.94 
723.19 
728.03 

NM 

^^^^^1 
725.25 
727.02 
724.1 

727.54 
727.69 
728.36 
723.83 
728.14 

NM 

725.74 
727.38 
724.27 
728.11 
728.03 
728.13 
723.94 
728.36 

NM 

^^^^^H 

725.34 
727.02 
724.11 
727.32 
727.64 
727.67 
723.74 
727.95 

NM 

725.98 
726.83 
724.08 
727.47 
727.27 
727.29 
723.95 
727.57 

NM 

1 
725.74 
728.9 
725.35 
728.97 
729.34 
729.33 
724.84 
729.48 

NM 

1 
726.12 

NM 
NM 

728.72 
NM 
NM 

724.31 
NM 

729.03 

^^^^^^^^^B 
« » ^ ^ 
726.42 
728.5 

724.67 
728.9 
728.66 
729.13 
724.49 
728.9 

729.02 

727.08 
728.18 

NM 
728.01 
728.02 
727.36 
724.75 

NM 
730.08 

724.77 
726.59 
723.45 
727.32 
727.27 
727.29 
723.19 
727.57 
729.02 

728.02 
733.33 
728.45 
732.02 
729.34 
729.33 
724.84 
729.48 
730.08 

726.03 
728.28 
724.86 
728.40 
728.06 
728.15 
724.12 
728.35 
729.38 

River Gage 
SG6 
SG7 
SG8 
SG9 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

NM 
NM 
NM 
NM 

725.83 
725.69 

NM 
NM 

725.56 
725.44 

NM 
NM 

725.41 
NM 
NM 
NM 

ICE 
ICE 
NM 
NM 

725.86 
725.51 

NM 
NM 

725.43 
725.42 

NM 
NM 

NM 
NM 
NM 
NM 

726.57 
726.13 
726.37 
726.08 

726.15 
725.8 
726.03 
725.82 

725.41 
725.42 
726.03 
725.82 

726.57 
726.13 
726.37 
726.08 

725.83 
725.67 
726.20 
725.95 

Key: 
NM = Not measured. 



Table 3-2 
Estimated Pore Volumes Required to Flush PCE Plume 

Erection Bay Source Area 
Beloit Corporation NPL Site, Rockton, Illinois 

Weigh ted Average A p p r o x i m a t e M i n i m u m Number 

P lume Tota l Surface T t i i ckness of Ef fect ive T ime (or of Pore Vo lumes M i n i m u m 

C o n c e n t r a t i o n ' Rad ius of Area of Top of B o t t o m of Satura ted Zone Poros i ty Pore Vo lume Wi t t id rawa l o n e PV Requ i red to Reach T ime to 

Ex t rac t ion Sys tem (Cwo) Ci rcu lar P lume Plume (A) Aqu i fe r Aqu i fe r (B) (n) (PV|^ R a t e ' Remova l MCL for P C E * Reach MCL 

(Mg/L) (feet) (sq. ft.) (amsl) (amsl) (feet) (gal lon) (gpm) (years) (PVs) (years) 

Existing ISCA 

Extended Extraction System 

Extended Extraction System with Pneumatic 

Fracturing * 

277 

277 

277 

380 

380 

380 

453.416 

453,416 

453,416 

726 

726 

726 

680 

680 

680 

46 

46 

46 

0.2 

0.2 

0.2 

31,204,445 

31,204,445 

31,204,445 

15.0 

41.5 

54.5 

4.0 

1.4 

1.1 

17.3 

17.3 

17.3 

68.3 

24.7 

18.8 

Notes: 

1. Weighted Average Concentration: 

Zone A (>1,0O0pg/L) 

Zone 6 (100-1 ,000 Mg/L) 

Zone C (5 - 100ijg/L) 

Total Plume (>5 pg/L) 

Volume (gallons) 

2,160,973 

8,778,951 

20.264,521 

31,204,445 

% of Total Vol. 

6.93% 

28.13% 

64.94% 

100.00% 

Weighted Ave. = 

Assumed 
Concentration 

1500 

500 

50 

277 

2. Pore Volume (EPA/540/S-97/504): 

P V ^ B n A 

where: 

8 = Thickness of plume (equal to saturated thickness) 

n = Porosity 

A = Area of the plume {total surface area for Zones A. B, and C) 

3. Existing ISCA: Assumes half the water withdrawn by EWOl (approx. 5 gpm) comes from contaminated Zone A. Remainder {5 gpm) comes from upgradient and is not included. 

Also assumes half the water withdrawn by EW02 (approx. 10 gpm) comes from contaminated Zone C Remainder (10 gpm) comes from downgradient (< 5 ug/L) and is not included 

Extended Extraction System: Assumes 11 gpm fnam EW05-NEW. 9 gpm from EW06-NEW and EW07-NEW, and 12.5 gpm (i.e.. half of 25 gpm total withdrawal) from EW02 after rehabilitation. 

Extended Extraction System w Fracturing: Assumes 14 gpm from EW05-NEW. 14 gpm from EW06-NEWand EW07-NEW. and 12.5 gpm (i.e., half of 25 gpm total withdrawal) from EW02 after rehabilitation. 

4. Number of Pore Volumes required to reach cleanup (EPA/54O/S-97/504): 
No. of PVs = -R In (Cwt / Cwo) 

where: 
Contaminant = PCE 
Retardation Factor (R) = 4.3 ht1p://www epa.gov/Athens/leam2model/part-two/onsite/retard.htm 
Cleanup concentration (Cwt), i.e.. MCL = 5 pg/L 

Initial Aqueous Concentration (Cwo) = See table above 

5. Assumes fracture-induced hydraulic conductivity increase to 10 feet/day (i.e.. a 400% increase, or 5 times greater than exisitng formation conductivity [2 feet/dayl) 

http://epa.gov/Athens/leam2model/part-two/onsite/retard.htm
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Map Sources: 
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Scale: See original reports. 
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X(ft) 

* 
W13 

0.6504 Root mean squared error (ft) 

0.5031 Mean Absolute Enor (ft) 

0,001109 Mean Error (ft) 

724.0 726.0 

Obsen/ed Heads (ft) 

Flow Model for DataSet = 
C:\Program Files\WHI\Beloit\ERECTION BAY_ NO PUMPING 
Calculating tiydraulic tieads. Solver: PCG, unconfined aquifers. 
Outer Iteration #1 
Maximum head con-ection : 0.0000 ( 0.0000 ft) 
occurred at node H[0,0) = 0.0000 

Outer Iteration #2 
Maximum head correction : 0.0086 ( 0.0560 ft) 
occurred at node H[16.22) = 726.7695 

Outer Iteration #3 
Maximum head correction : 0.0001 ( 0.0009 ft) 
occurred at node H[19,24) = 727.0360 
Global water balance [ff^S/d]; 

1286.7312 IN const, head nodes 
-3019.3978 OUT const, head nodes 

0.0000 IN flux nodes 
0.0000 OUT flux nodes 

636.1841 IN river nodes 
-815.1035 OUT river nodes 

0.0000 IN Drain nodes 
0.0000 OUT Drain nodes 
0.0000 IN injection wells 
0.0000 OUT pumping wells 

1911,5221 net aquifer recharge 
0.0000 IN leakage from below 
0,0000 OUT leakage from below 
0,0000 IN leakage from above 
0,0000 OUT leakage from above 

-0,001670% total mass balance error 
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Figure 3-8 
Calibrated Groundwater Flow Map 

Beloit Corporat ion NPL Site 
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4 ISCA Engineering Evaluation 

On March 26 and 27, 2007, EEEI performed an ISCA Engineering Evaluation 
concurrently with the quarterly groundwater sampling event conducted by Illinois 
EPA's Corrective Action Contractor (CAC) and O&M Contractor, BES. During 
the ISCA Engineering Evaluation (ISCA EE), the system components were 
inventoried and layouts of equipment, electrical, and control systems were 
evaluated. 

As stated in Section 2 of this report, the RD WP included performing a pilot test 
to determine dosage of in situ chemical oxidation injections. However, because 
chemical oxidation was determined to be impractical, installation of three 
extraction wells within the source area is being implemented with well placement 
as described in Section 3. Therefore, the ISCA EE was also used to determine 
how extraction well force main and electrical connections to the existing pump-
and-treat system would be accomplished. 

4.1 ISCA Engineering Evaluation Findings 
The RD WP stated that at a minimum EEEI would perform the following tasks as 
part of the ISCA EE: 

1. 

2. 
3. 
4. 

5. 
6. 
7. 
8. 

Evaluate the main electrical feed from the former Beloit Corporation Plant 
to the treatment building to determine whether proper voltage and/or am
perage is present; 
Evaluate the Blancett flow meters located in the influent lines; 
Evaluate the level control for the air stripper sump section; 
Reevaluate the discharge pump to determine whether it is still drawing 
excess amperage on one leg of its three-phase service; 
Correct the safety issue of the open leak detection sump; 
Evaluate access to the treatment building telemetry system; 
Address problems with the effluent line; and 
Evaluate the condition of all monitoring wells. 
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The main electrical feed from the former Beloit Corporation Plant to the treatment 
building was repaired by a licensed electrician between the time that the RD WP 
was prepared, and the ISCA EE was performed. BES oversaw the repair of the 
electrical feed. EEEI removed the cover of the main feed electrical panel to check 
whether proper voltage was present. EEEI found 490 to 495 volts alternating 
current (VAC) across the three legs of the three-phase system. Based on this 
finding, the incoming feed has less than a 1% voltage unbalance and less than 
10% overvoltage of the stated transfer pump motor nameplate voltage, all within 
acceptable ranges for proper motor operation. Because the system was shut down 
during testing due to problems with effluent line flow, blower voltage and 
amperage to the motor could not be tested. Additionally, the transfer pump motor 
could not be checked to determine whether it was still drawing excess amperage 
on one leg of its three-phase service because it had stopped working. Following 
the ISCA EE, a new motor was ordered and installed upon delivery. BES 
oversaw the installation of the new motor. However, while BES was planning to 
have the feed to the transfer pump checked again, it appears that all electrical feed 
problems to the pump-and-treat system had been resolved. 

When the RD WP was written, it was thought that Blancett flow meters were 
located on the influent lines. Upon visiting the site, however, EEEI found that the 
lone Blancett flow meter is located on the effluent line. The influent lines contain 
direct-read flow totalizers only. The O&M technician records the total gallons 
pumped to date and estimates a flow rate from each extraction well using the 
totalizer readings. The Blancett flow meter on the effluent line has a digital 
readout displaying the current flow rate and amount of effluent to date. The 
weekly flow meter reading does not match the sum of totals as displayed by the 
influent line totalizers, so it is not used by the O&M technician. Total effluent is 
reported as the sum of all influent line totalizers. 

The level control for the air stripper sump section has been repaired since the 
writing of the RD WP and is now operating correctly. The high level and high-
high level floats had apparently been sticking and allowing water to contact the 
electronics. 

During the ISCA EE, the open leak detection sump was measured so that final 
plans and specifications can specify a sump cover. The sump is 11.25 inches in 
diameter. The level control within the sump is not operational, and an open 
electric conduit box for the control circuitry exists. A check of the telemetry 
system was made. The telemetry system operates over a phone line and could be 
operational if phone service was obtained for the building. An existing phone line 
was traced exiting from the pump-and-treat building; however, based on the setup 
of the pump-and-treat system, EEEI does not feel that an autodialer is necessary. 
The autodialer is the only way that currently exists to obtain motor run times for 
the system. 
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The condition of all monitoring wells was recorded by EEEI during the SAI. The 
findings of the SAI monitoring well evaluation were compared to notes obtained 
from BES following quarterly water level readings and groundwater sampling for 
the first quarter of 2007 to produce Table 4-1. The findings of the SAI matched 
BES's results, except for well W2, which has been damaged since the SAI. W2 
was damaged when a steel beam staged next to this well, by Reload, Inc. fell 
against it. A complete listing of all wells was presented in the SAI Technical 
Memorandum (E&E 2007). The fmal design will include plans and specifica
tions for abandonment and/or repair of those monitoring wells listed as damaged. 

Problems with the effluent line are being addressed separately from this design. 
Effluent line modification plans and a statement of work prepared by EEEI are 
being implemented by BES as part of the ongoing system O&M. Effluent line 
modifications entail installing manholes at key locations so that the effluent line 
can be repaired and cleaned as necessary to correct flow and allow future 
maintenance. 

^ 

Sections 4.2 and 4.3 present additional information gathered about the current 
arrangement of the ISCA pump-and-treat system. The information was collected 
during the ISCA EE and from the current Beloit Corporation O&M Manual. 

4.2 Existing Groundwater Treatment System 
The existing ISCA pump-and-treat system consists of four extraction wells 
(EWOl, EW02, EW03, EW04), which pump contaminated groundwater to the on-
site treatment building. EW04 has two groundwater extraction pumps installed, 
which are designated as EW04 pump 1 (EW04-I) and EW04 pump 2 (EW04-2). 
The treatment building contains an air stripper that removes VOCs from 
contaminated groundwater. Treated groundwater is then discharged to the former 
Beloit Corporation Research and Development manhole via an underground 
piping nm, with the effluent ultimately discharging to the Rock River. 

The air stripper consists of a packed, forced draft air stripping column designed 
for VOC removal. Contaminated groundwater enters near the top of the column, 
flows downward across the packing, and is collected in a sump at the column 
base. The packing consists of polypropylene ellipsoids that are violenfly lifted by 
the forced draft air. Air is introduced to the system near the column base by a 
belt-driven blower. The blower is fed by outside air and vented through the top of 
the column. A demister prevents water from leaving the top of the column. 
Treated water is discharged in batches via a 450-gallon per minute transfer pump. 

The air stripper is a Turbostripper model manufactured by Diversified Remedia
tion Confrols Incorporated. Based on Discharge Monitoring Reports (DMRs) 
recently submitted to the Illinois EPA Compliance Assurance Section by the 
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O&M contractor, BES, the system is effectively treating extracted groundwater at 
current flow rate, air volume, and influent concentrations. 

The ISCA pump-and-treat system is powered from an underground electrical feed 
from the former Beloit Corporation building, now managed and run by Reload, 
Inc. The feed consists of three-phase, 480 VAC, which enters through the floor of 
treatment building into electrical busway. The busway contains all electric wiring 
between the 480-volt (V) panel, 240V panel, and control panel. The 480V panel 
has circuit breakers for all five well pumps, the 25-kilovolt-ampere (kVA) 
transformer, transfer piunp, air stripper blower, and building heater. The three 
additional wells being added to the system will also have wiring running through 
this panel. The 480V panel has 16 remaining twistout slots open; each well will 
require three twistout slots grouped together in order to be installed, which, based 
on the spacing in the panel, allows up to four additional wells to be installed. 
Therefore, an additional subpanel located off the 480V panel will not be required. 

The 480V panel feeds the 25-kVA transformer that in turn feeds the 120V panel. 
The 120V panel has circuit breakers for the building exhaust fan, lights, 
receptacles, and control panel blower. There are several open twistouts, although 
none will be required for this design. The third panel contains all of the controls 
for system operation. The control panel has hand/off/auto (HOA) switches for the 
five well pumps, air stripper blower motor, transfer pump motor, and drain 
solenoid. Additional HOA switches will be required for each well pump added to 
the system, and these additions will be incorporated into the 95% Design 
Documents. 

The system is controlled by an Allen-Bradley Modicon programmable logic 
controller (PLC). The PLC runs a program using the Pro Works NXT Lite 
software. Aprintout of the program was obtained during the ISCA EE. The 
program will require an upgrade to add the additional wells and associated control 
components to the system. The PLC has three input and output (I/O) modules 
consisting of two 24-volt direct current (VDC) input modules with 16 terminals 
per module and one 115-VAC output module with 16 terminals. There are seven 
spare input terminals. Each new well will require two input terminals, one for 
relaying that the HOA switch is in the Auto position requiring PLC control and 
one from the well pump giving its running status. Three wells will require six of 
the seven available inputs; therefore, the input module has the capacity for the 
intended system upgrades. The output module has eight spare terminals. Each 
well only requires one output terminal to relay stop and start commands, so 
adequate space is available. I/O modules will not need to be added, or upgraded 
to 32 terminal modules, to introduce three new extraction wells to the system. 

The control panel contains the electric feed terminal blocks and motor starters for 
each of the five existing well pumps. There is no spare terminal block available 
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for wiring hookups and only room for one additional motor starter within the 
control panel. Hookup of three additional extraction wells to the control panel 
will require a subpanel mounted adjacent to the existing control panel and 
connected with conduit/bus runs. Sixteen inches of space is present to the right of 
the panel for subpanel mounting. 

After system evaluation, it has been determined that design of the system will 
require detailed electrical design calculations and drawings. EEEI will subcon-
fract an Illinois-licensed professional electrical engineer to complete this portion 
of the design. 

During the ISCA EE, EEEI reviewed Operations Logs that had been completed 
by the O&M contractor. These logs date back to the startup of the plant. Initial 
flow rate records from EW02 show the well producing at 30 to 35 gpm. This rate 
is followed by an abrupt change in which EW02 begins to produce flow at a 
reduced rate of 12 to 14 gpm, the rate at which it remains to this day. Although 
the flow rates of wells EWOl, EW02, and EW03 have decreased from initial flow 
rates, EW02 has had the most noticeable decline in production. At the time this 
occurred, attempts were made to restore the original production rates from this 
well; however, EW02 has never produced at the rates originally seen. 

Following the ISCA EE, EEEI performed initial pipe sizing calculations for the 
three new extraction well pumps. Since all of the force mains come together 
within a single manifold pipe, it was required to model all of the existing pumps 
together. When a single manifold exists, it is necessary for the pressure within all 
pipes to be nearly the same or else one pump will "step on" another. This means 
that one well can prevent another well from pumping because the pressure 
differential at the connections/interface is too great, and the well with the greatest 
pressure continues to pump. With moderate pressure differences, one well can 
restrict flow from another well without completely shutting down flow. It can be 
hypothesized that the fall in production for all wells is due to the effects following 
the addition of pump 2 in EW04. However, EEEI does not currently have 
information available showing the exact date that EW04-2 started pumping to the 
system. 

4.3 Existing Groundwater Extraction Wells 
Four extraction wells are currently in operation. Construction details for 
extraction wells EWOl through EW04 are presented in the current O&ICf Manual. 
The wells are constructed with carbon steel riser sections and #304 stainless steel 
continuous wire wound screens. The wells were completed above grade, but 
protective casings were not installed. Concrete bollards protect the well risers. 
Additional construction details are presented in Table 4-2. 

05:2482IA0801 CHll 117_95% RD NJB.doc-10/19/2007 4-5 



ecology and environment engineering, inc. 4. ISCA Engineering EValUatlOn 

Design Analysis Report Section No. 
Revision No. 

Date 

4 
0 
October 2007 

The building foundation was boxed out to allow access for piping runs. The 
original design drawings indicate that the EWOl force main and electric line, and 
the main three-phase, 480V electrical feed run from the southwest comer of the 
Erection Bay to the northwest comer of the P&T building. The remaining 
extraction well force mains and electric lines run from the wells to the south end 
of the P&T building. All force mains extend through the floor on the south end of 
the building, and all electric lines surface through the floor on the east side of the 
building. The electric lines were installed via direct burial except for the final 10 
feet prior to entering the P&T building. The high-density polyethylene (HDPE) 
force mains extend through polyvinyl chloride (PVC) floor collars and connect to 
galvanized metal piping. All force mains are 2 inches in diameter with EWOl and 
EW02 reducing to a 1 inch diameter within the P&T building before the manifold 
piping, and EW03, EW04-1, and EW04-2 remaining 2 inches in diameter up to 
the manifold pipe. 

There are two spare piping runs extending through the treatment building floor, 
and both are 2 inches in diameter. Additionally, two spare electrical conduit runs 
also enter the building. The existing force mains, except for EW04-2, have a 
pressure switch installed, followed by a direct-read pressure gauge, and flow 
control valve. The 1-inch lines have a Badger Recordall Model 70 totalizer, and 
the 2-inch lines have Badger Recordall Model 120 totalizer, except for EW04-2 
which has a Hershey MVRl60 totalizer. Each line has a 0.75-inch boiler drain 
(spigot) for sample collection, a second flow control valve, and a brass check 
valve before entering a 6-inch Schedule 80 PVC manifold pipe. 

4.4 System Modeling 
Operating and manufacturer's data from the ISCA pump-and-treat system was 
gathered to determine current operating conditions of the system. Based on the 
current operating conditions, extrapolations of the findings were made to 
determine whether the system could still fiinction with the increased flow and 
influent concentrations from the three proposed well locations. The following 
sections discuss the findings of these investigations in detail. 

4.5 Physical Component Capacities 
From manufacturer literature, the Turbostripper has the capacity to treat 400 gpm 
of extracted groundwater based on the physical design of the column and blower 
sizing. The transfer pump has the capacity to discharge 450 gpm of treated 
groundwater, also based on manufacturer literature. 

The effluent pipe is constmcted of approximately 1,900 feet of Schedule 40 PVC 
pipe. The change in elevation from the ISCA pump-and-treat building to the 
Rock River is approximately 25 feet. This elevation change assumes a pump 
elevation of 755 feet amsl and a surface water elevation on the Rock River of 730 
feet amsl. Assuming gravity flow from the treatment building with only pipe 
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friction losses, i.e., no losses due to pipe bends, the effluent pipe is capable of 
draining at a flow rate of 380 gpm with a velocity of 4.27 feet/second. See the 
gravity flow calculations in Appendix B. 

Calculations were also performed to determine the size of transfer pump needed 
to discharge water through the piping at an assumed discharge flow rate of 10% 
over the stripper column capacity (440 gpm) and with nine 90-degree elbows and 
eight 45-degree elbows. Based on the calculations with a safety factor of 2, the 
design head of the pump must be greater than 107 feet and have a design 
horsepower (hp) of equal to or greater than 14. The transfer pump installed at the 
plant is a 15-hp Goulds pump capable of discharging 450 gpm. At a maximum 
pump flow rate of 450 gpm and a safety factor of 1.25, the pump would exert a 
pressure of 90 pounds per square inch (psi) on the effluent piping. Six-inch 
Schedule 40 PVC pipe is rated for a working pressure of 180 psi in compliance 
with both American Society for Testing and Materials (ASTM) D1785 (pressure 
pipe) and ASTM D2665 (drain, waste, and vent pipe). See Appendix B for 
pressurized pipe calculations. 

4.6 NPDES Permit 
Treated groundwater is discharged to the Rock River under a NPDES permit 
through an outfall located on the former Beloit Corporation property. NPDES 
permit number IL0064564 was issued for the P&T System on March 25, 2005 and 
will expire on April 30, 2010. The treatment plant must operate in a manner that 
meets the requirements of the NPDES permit as reported on the DMRs. The 
permit establishes discharge load limits in pounds per day and concentration 
limits in milligrams per liter (mg/L) for the following VOCs: 1,2-dichloroethane 
(1,2-DCA), 1,1,1-TCA, TCE, PCE, 1,2-dichloroethylene (1,2-DCE), 1,1-
dichloroethane (1,1-DCA), and 1,1-dichloroethylene (1,1-DCE). Table 4-3 
presents the requirements of the NPDES permit. 

The system capacity is based on influent groundwater contaminant concentra
tions, water flow rate, and air flow rate. Past influent and effluent contaminant 
concentrations were used to calculate the operating efficiency of the presently 
configured system. Appendix B presents the system influent and effluent 
concentrations from 2004 to 2006. Calculations performed by EEEI to determine 
the effluent concentrations following constmction of the three new extraction 
wells and the ability to meet permit requirements are also presented in Appen
dix C. Based on this modeling, the presently configured system can handle the 
influent waste stream after the additional three extraction wells are added. 
Modeled effluent concentrations and their comparison to NPDES limits are shown 
in Table 4-4. 
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4.7 Air Permit 
Because the Beloit Corporation is an NPL-listed site, a permit is not required. 
Although the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) exempts CERCLA sites from obtaining permits for on-site actions, all 
remedial actions must identify and comply with (or explicitly waive) the 
substantive provisions of permit regulations that are determined to be Applicable 
or Relevant and Appropriate Requirements (ARARs). However, if a permit were 
sought, since the site does not automatically fall within the exemptions listed 
xmder 35 lAC 201.146, a letterofjjiquirjLaiiiPotential to Emit calculations would 
need to be submitted to the Illinois EPA, Bureau of Air, Air Permit .^ection^io 
obtain written determination from the Agency conceming permit status. 

Based on the expected waste sfream influent concentrations as presented in 
Appendix B, the total amount of VOCs emitted per year would be negligible: 544 
pounds per year (see Table 4-5). Therefore, the Bureau of Air likely would 
determine an air discharge exemption. 
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Table 4-1 
Monitor ing Well Survey Evaluation Results 

Beloit Corporat ion Site, Rockton, Il l inois 

^ 

Condition of Condition of 
Protective Annular 

Well Cover, Cap, Condition of Standing Water Condition/Type Space, Drain Well Depth DTW 
ID Date Time Lock Cement Pad or Depressions of Cap, Casing Holes (TOIC) (TOIC) 

W26C 

W2 

W13 

W14 
W32 

W28 

W15 

WIR 

12/19/06 

3/30/07 

12/19/06 

12/19/06 
12/19/06 

12/19/06 

12/19/06 

12/19/06 

; 

14:00 

15:15 

OK 

Steel beam fell 
against well. 
Needs to be 
abandoned. 

Damaged, well 
and protective 
cover bent 
approximately 45 
degrees to east. 

CNL 
15:30 

15:35 

15:50 

16:00 

OK 

Missing manhole 
cover. 

Damaged, well 
and protective 
cover bent 15 
degrees east. 

OK 

None Threads at TOC 
are chipped. No 
reference mark on 
TOC. Loose 
coupling 
approximately 1.5 
feet below TOC. 

OK, but no drain 
holes. 

79.15 34.78 

1 
Cracked 

Portions washed 
away. 

None 

None 

~ 

Depression on 
west side of 
casing. Bentonite 
exposed. 

OK. J-plug cap. 

Well TOC 
chipped. No 
reference mark on 
TOC. Cracked 
cap. 
TOC is 
approximately 3 
feet below top of 
protective cover. 

OK 

OK, but no drain 
holes. 
Gravel washed 
into annular 
space. 

Cannot get 
visual on 
annular. No 
drain holes. 
OK, but no drain 
holes. 

32.74 

31.61 

33.55 
(top of 
protective 
cover) 

27.73 

28.39 

22.70 

24.15 
(top of 
protective 
cover) 

20.56 
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Table 4-1 
Monitor ing Well Survey Evaluation Results 

Beloit Coroorat ion Site. Rockton. I l l inois 
Condition of Condition of 

Protective Annular 
Well Cover, Cap, Condition of Standing Water Condition/Type Space, Drain Well Depth DTW 

ID Date Time Lock Cement Pad or Depressions of Cap, Casing Holes (TOIC) (TOIC) 
G107 

GlOl 

G108D 

G108S 

W44C 

W18 

G103D 

W37 

12/20/06 

12/20/06 

12/20/06 

12/20/06 

12/20/06 

12/20/06 

12/20/06 

12/20/06 

09:45 

10:20 

11:10 

11:15 

11:40 

11:45 

11:50 

12:15 

OK 

No protective 
cover. No lock. 

OK 

OK, but protective 
cover leans 
slightly to west. 

Broken lid. 

OK 

OK 

Broken lid 
(manhole needs 
special wrench to 
open). 

OK 

None 

Large cracks. 

Large cracks. 

OK 

None 

OK 

OK 

— 

Original cap 
missing. Plastic 
sample bottle is 
currently used as 
replacement cap. 

OK 

No cap. No 
reference mark on 
TOC. 
Tilt of protective 
cover prevents cap 
from fitting on 
well. No reference 
mark on TOC. 
OK. No reference 
mark on TOC. 

Casing wiggles at 
surface. 
Riser pipe is bent. 
No reference mark 
on TOC. 
J-plug cap and lock 
in ice. No 
reference mark on 
TOC. 

OK, but no drain 
holes. 

No protective 
cover, can't see 
annulus. 

OK, but no drain 
holes. 

OK, but no drain 
holes. 

Annular space is 
filling with 
leaves. 
OK, but no drain 
holes. 
Water on 
cement, no drain 
holes. 
Annulus is 
filling with dirt 
and leaves. 

50.84 

Root obstruc
tion in well 42 
feet fi'om 
TOIC. 

70.60 

42.73 

56.45 

78.43 

49.45 

38.24 

41.89 

41.84 

35.95 

36.52 

21.93 

25.55 

24.01 

28.85 
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Table 4-1 
Monitor ing Well Survey Evaluation Results 

Beloit Corporat ion Site, Rockton, I l l inois 

Well 
ID 
PI 

GllO 
G109 

W23B 

W31C 

W35C 

W24 

W34 
W39 

W49C 

Date 
12/20/06 

12/20/06 
12/20/06 

12/18/06 

12/20/06 

12/20/06 

12/21/06 

12/20/06 
12/20/06 
12/20/06 

Condition of 
Protective 

Cover, Cap, 
Time Lock 
13:10 No protective 

cover, no lock. 

Condition of 
Cement Pad 

Broken 

Standing Water 
or Depressions 

Condition/Type 
of Cap, Casing 

Casing broken off 
at ground surface. 
J-plug cap. No 
reference mark on 
TOC. 

Condition of 
Annular 

Space, Drain Well Depth DTW 
Holes (TOIC) (TOIC) 

Cannot see 
annulus. 

CNL—Based on map location, it is within footprint of 867 Prairie. 
13:50 

10:15 

15:20 

16:15 

08:10 

i 

OK. Lid is bent, 
but lockable. 

Broken lid 
(manhole needs 
special wrench to 
open). 
OK (manhole 
needs special 
wrench to open). 
Cover is broken 
and doesn't cover 
opening. 

OK 

Cracked 

OK 

Cracked 

None 

None 

— 

J-plug. 
Obstruction 
approximately 2.95 
feet BGS. 
No reference mark 
on TOC. J-plug 
cap. 

20.11 9.89 

Cannot get water level indicator past the obstruction at 
4 feet below TOC. 

OK. Dirt is 
filling in annular 
space. 

49.60 25.98 

Could not open manhole to check lock, casing, annulus, depth to water, and | 
total depth. 

Casing cracked at 
TOC. J-plug cap. 
No reference mark 
on TOC. 
Gouges at TOC. 
No reference mark 
on TOC. 

Annular is filling 
in with dirt. 

OK 

69.30 

Wet mass of 
roots and 
vegetation at 
25.90 feet 
below TOIC. 

25.79 

25.90 

CNL—Buried under crushed gravel. 
CNL—Buried under stored materials. 
Located, but could not open bolts an manhole cover. 1 

Key: 
BGS = Below ground surface. 
CNL = Could not locate. 

TOC = Top of casing. 
TOIC = Top of inside casing. 

DTW = Depth to water. 
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Table 4-2 
Extraction Well Construction Details 

Casing Top of Screen Screen Depth to 
Diam. Total Screen Length Slot Size Pump 

Well ID (inches) Depth (ft) (ft) (ft) (inches) Intake (ft) 
EWOl 
EW02 
EW03 
EW04 

8.0 
8.0 
8.0 
8.0 

57.3 
65.2 
7L8 
86.1 

21.7 
25.6 
26.2 
27.3 

30.0 
34.0 
40.0 
53.2 

0.010 
0.020 
0.020 
0.020 

52.3 
60.2 
57.8 
72.1 

Table 4-3 
National Pollutant Discharge Elimination System Permit No. IL0064564 

for the Beloit Corporation - Blackhawk Plant 
Coverage: Outfall 001 Discharge to the Rock River 

Effective Dates: May 01, 2005 to April 30, 2010 

Parameter 
Flow (MGD) 
1,2-Dichloroethane** 
1,1,1-Trichloroethane** 
Trichloroethylene** 
Tetrachloroethylene** 
1,2-Dichloroethylene** 
1,1 -Dichloroethane* * 
1,1 -Dichloroethylene* * 

Load Limits (Ibs/dav) 
30-Day 

Average 
Daily 

Maximum 

Concentration Limits 
(m 

30-Day 
Average 

q/L) 
Daily 

Maximum 
See Special Condition 1. 

0.051 
0.045 
0.053 
0.107 
0.369 
0.045 
0.045 

0.135 
0.121 
0.142 
0.336 
1.18 

0.121 
0.123 

0.025 
0.022 
0.026 
0.052 
0.180 
0.022 
0.022 

0.066 
0.059 
0.069 
0.164 
0.574 
0.059 
0.060 

Sample 
Frequency 

1/week 
2/Month 
2/Month 
2/Month 
2/Month 
2/Month 
1/Month 
1/Month 

Sample 
Type 
RIT* 
Grab 
Grab 
Grab 
Grab 
Grab 
Grab 
Grab 

*Recording, indicating, and totalizing. 
**See Special Condition 8. 

Special Condition 1. Flow shall be reported as a monthly average and daily maximum. 

Special Condition 8. These parameters shall be reported in mg/L as a monthly average, and daily maximum concentrations are 
pounds per day (lbs/day) as monthly average and daily maximum loads. 

Key: 

MGD = Millions of gallons per day. 
mg/L = Milligrams per liter. 
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Table 4-4 
Summary of Exist ing and Future Influent and Effluent Concentrat ions 

Former Beloit Corporat ion - Blackhawk Facility 
Rockton, I l l inois 

Chemical 
1,1,1 -Trichloroethane 
1,1 -Dichloroethane 
1,2-Dichloroethane 
Tetrachloroethene 
Trichloroethene 
1,1 -Dichloroethene 

cis-1,2-dichloroethene 
trans-1,2-dichloroethene 
total 1,2-dichloroethene 

Influent 
Existing 

Average 
1.9 
ND 
ND 
50.7 
2.2 
0.7 
1.0 
ND 

1.0 

Maximum 
3.4 
ND 
ND 

130.0 
5.3 
1.0 
2.5 
ND 
2.5 

Future 
Average 

3.2 
0.5 
0.4 

357.1 
9.4 

1.1 
98.7 
1.8 

100.6 

Maximum 
100.0 
0.5 
0.4 

420.7 
11.9 
1.3 

100.0 
1.8 

101.8 

Effluent 
Existing 

Average 
0.3 
ND 

ND 
0.8 
0.3 
0.3 
0.3 
ND 

0.3 

Maximum 
I.O 
ND 

ND 
2.5 
2.5 
0.3 
1.0 
ND 

1.0 

Future 
Average 

0.6 
0.1 
0.0 

31.6 
1.9 
0.1 
11.1 
0.2 

11.3 

Maximum 
0.8 
0.1 

0.0 
37.2 
2.4 
0.2 

11.3 
0.2 

11.5 

NPDES Limits 
30-Day 

Average 
22 
22 

25 
52 
26 
22 
NE 
NE 

180 

Daily 
Maximum 

59 
59 
66 
164 
69 
60 
NE 
NE 
574 

Note: All concentrations are in micrograms per liter 

Key: 
NPDES = National Pollutant Discharge Elimination System. 
ND = Not detected. 
NE = Not established. 
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Table 4-5 
Summary of Air Discharge (Worst Case Scenario) 

Former Beloit Corporation - Blackhawk Facility 
Rockton, Illinois 

Chemical 

1,1,1 -Trichloroethane 

1,1-Dichloroethane 

1,2-Dichloroethane 

Tetrachloroethene 

Trichloroethene 

1,1 -Dichloroethene 

cis-1,2-Dichloroethene 

trans-1,2-Dichloroethene 

Total VOCs 

pg/day 

5,123,982 

579,923 

495,986 

484,800,968 

13,712,873 

1,544,886 

115,194,143 

2,113,665 

623,566,426 

lbs/day 

0.01 

0.00 

0.00 

1.07 

0.03 

0.00 

0.25 

0.00 

1.37 

lbs/year 

4.13 

0.47 

0.40 

391 

11.05 

1.25 

92.87 

1.70 

503 

tons/year 

0.002 

0.000 

0.000 

0.195 

0.006 

0.001 

0.046 

0.001 

0.251 
Key: 

|Jg/day = Micrograms per day. 
lbs/day = Pounds per day. 
lbs/year = Pounds per year. 
VOCs = Volatile organic compounds. 
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5 Proposed Design of Treatment 
Systems 

For the system design, EEEI prepared a Technical Memorandum entitled 
Equalizing Flow Pressure (EEEI 2007b). The Equalizing Flow Pressure 
Technical Memorandum was prepared to investigate an observed flow rate drop 
from incoming force mains to the influent header. Subsequently, design 
calculations by EEEI showed that a pressure differential between the incoming 
force mains proved to be the reason for the underperformance of the existing 
wells. EEEI's Technical Memorandum described the options for correction of 
this problem in detail, with the ultimate selection of the preferred design changes. 
The options for equalizing pressure within the treatment system included the 
following: sizing all piunps to achieve equal pressure at the manifold, sizing 
pumps to achieve an equal pressure within two or more manifolds with separate 
connections to the air stripper; or installing an equalization tank with a transfer 
pump supplying the existing single manifold to the air stripper. It was concluded 
that installing an equalization tank provided the most flexibility for future system 
modifications and increased the sustainability of the system. This technical 
memorandimi is included as Appendix D. 

To house the rectangular steel equalization tank, the design of the proposed 
treatment system includes the addition of a new pre-assembled, all steel building, 
which will be added onto the existing treatment building. Additionally, three new 
extraction wells, an influent transfer pump, and a sump pump will be added to the 
system as well. All of the existing force mains from the four extraction wells and 
the force mains from the new extraction wells will be routed to the new steel tank. 
Six groundwater monitoring wells (three sets of two nested wells) will also be 
constructed. Sheets 1 through 9 of the 95% Remedial Action Design Drawing Set 
are attached (half-size) to this report as Appendix E, and depict the proposed 
system modifications. 

5.1 Groundwater Extraction Wells 
Sheet 3 of the Design Drawing Set in Appendix E shows the proposed configura
tion of the groundwater extraction wells and trenching locations to cormect force 
main and electrical conduit runs to the building extension. The extraction well 
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locations are based on the modeled results presented in Section 3 of this report. 
This configuration will limit the amount of trenching within the existing truck 
routes and decrease the disturbance to facility operations during construction. 
The exact locations in northing and easting coordinates for extraction wells and 
monitoring wells are shown on Sheet 4. 

Based on the SAI and modeling results in Section 3, pneumatic fracturing will be 
used to increase groundwater extraction rates at the Beloit site. EEEI has 
successfully implemented pneumatic fracturing at several other sites in Illinois to 
enhance permeability in formations and improve subsurface flow. 

Pneumatic fracturing (U.S. Patent #5,032,042) is the injection of gas at high 
pressure and flow into soil or rock matrices in order to create fractures or fissures. 
Fractures or fissures occur when the pressure of the injected gas exceeds the 
natural in situ stresses, and the flow rate exceeds the natural permeability of the 
soils. In soil formations, pneumatic fracturing enhances permeability by creating 
fracture networks; in rock, the effect is dilation and extension of existing 
discontinuities, thereby improving the intercoimection between existing fractures. 
The immediate benefit of pneumatic fracturing is improved access to subsurface 
contaminants so that liquids and vapors can be transported and extracted rapidly, 
which results in a cost savings during the installation and operational phases of a 
remediation project. Another advantage of pneumatic fracturing is that it can be 
applied within existing remedial systems as an enhancement and beneath or 
adjacent to existing structures and/or utilities. 

At locations where a new/additional groundwater exfraction well will be installed, 
fracturing will be performed prior to installing the well. First, an open borehole 
will be installed using 4-inch-diameter flight augers to an approximate depth of 60 
feet BGS. The top 25 feet of the borehole will have a temporary casing installed 
to prevent formation collapse in the loose soils across that range. A packer 
system will be used to isolate 3-foot intervals so that short bursts (-20 seconds) of 
compressed air (less than 200 pounds per square inch) can be injected into the 
interval to fracture the formation starting at 27 feet BGS and continuing to 57 feet 
BGS. Once a 3-foot interval is fractured, the equipment will be relocated within 
the borehole, and another interval will then be fractured. A total of 10 fracture 
intervals will be performed for each well. 

Once fracturing is completed, the existing borehole will be widened to a diameter 
of 13.5 inches. After the borehole has been expanded, a vacuum and/or pressure 
will be applied to the borehole to reestablish the fracture pathways and ensure 
connection of the fractures to the extraction wells. This redevelopment is a 
necessary component of the well installation. Fracturing technology is limited by 
the size of the borehole. For the Beloit site, it has been determined that the 
extraction wells should be installed in 13.5-inch-diameter boreholes. However, 
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fracturing equipment limits the size of the boring to an approximate 5-inch-
diameter opening. In order to fracture and optimize the well size, well redevel
opment has been identified as a necessary component. 

New wells will be installed to match the previously installed extraction wells. 
This requires an 8-inch-diameter casing for all three wells. All wells will be 
instafled with 35-foot screens from 25 to 60 feet BGS. All pumps will be 
installed approximately 5 feet from the bottom of the wells. The extraction wells 
have been designed for removal flow rates of 14 gpm for EW05, EW06, and 
EW07. Sheet 4 shows the extraction well design. Protective concrete bollards 
will be installed around all new wells. 

Standard dimension ratio (SDR) 9 HDPE was used for the existing force mains 
feeding the P&T system. SDR 9 will be retained as the pipe class used for force 
mains. SDR 9 has a maximum working pressure rating of 200 psi. 

5.2 Treatment Plant Pump Sizing 
There are two new pumps required within the P&T plant based on proposed 
design changes to the overall system. An influent transfer pump and a sump 
pump will be located within the building extension. 

5.3 Treatment Building 
The new treatment building dimensions will be 14 feet by 20 feet. The building 
will be located adjacent to the existing P&T treatment building and will share one 
wall. A man door will cormect the interiors of both buildings and an overhead 
door will give access to the building along one side. The foundation has been 
designed by EEEI and the building manufacturer will provide the locations 
necessary for building tie-downs. The roof line of the new building will be 
perpendicular to the existing building to eliminate a trough where snow can 
accumulate. All tie-ins to the existing building, including extending the new roof 
ridge line to the existing building, will be made by the building manufacturer. 

The selected building will arrive at the site pre-assembled and pre-wired. It will 
contain a heater, exhaust fan, and interior lighting. The building is considered a 
long-lead time item and requires approximately 14 weeks of lead time for delivery 
to site. 

5.4 Influent Tank 
The influent (equalization) tank will be 12 feet in length, 8 feet in width, and 6 
feet in height. The dimensions of the tank will allow it to fit within the specified 
building and to have a capacity between the high and low level switches of 
approximately 3,000 gallons. The tank will contain flanged openings for the 
influent force mains, vent, transfer pump, sump pump, and level controls. A 30-
inch-diameter manway will be installed for inspection and cleanout. The stefel 
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tank is also considered a long-lead time item, requiring 12 weeks of lead time for 
delivery to the site. 

5.5 Groundwater Treatment System Upgrades 
To date, most necessary upgrades to the system as outlined in the Remedial 
Design Work Plan (E&E 2006) have been accomplished. BES has replaced the 
effluent transfer pump and has overseen repair of the plant electrical feed and air 
stripper sump float control. The effluent line has had three manholes added and 
was subsequently inspected. The effluent pipeline has been found to be clogged 
and is in need of repair. The material plugging the piping is unable to be removed 
and will require sections of pipe to be replaced. 

The findings based on modeling performed following the ISCA EE indicate that 
the current system has sufficient capacity to treat the increased mass loading of 
water introduced from the new extraction wells. The plant will also meet current 
Illinois EPA air discharge requirements for a remedial treatment system, and is 
physically capable of meeting the increased flow rate through the system based on 
motor and piping sizes. Therefore, the only changes required are based mainly on 
achieving a safer work environment, protection of system components, and tie-in 
of new extraction wells. These changes are detailed below. 

A sump cover will be fabricated for the existing building to ensure the safety of 
personnel working within the P&T building. The open control wiring conduit box 
on the simip control will also be repaired. To prevent continuing plant operation 
in the case of a pipe leak or burst, the sump level switch will be made operational. 

Sheet 9 shows the new Piping and Instrumentation Diagram (P&ID) configuration 
following remedial design upgrade implementation. Completion of the treatment 
plant upgrade will entail additional programming for the PLC. Specifically, the 
new exfraction wells, influent tank level controls, influent transfer pump, and 
sump level controls will require programming. The existing extraction wells will 
require programming changes since the current programming requires EW03 and 
EW04 to be running for the air stripper to run. If EW03 and EW04 are not 
running, the plant will shut down, making it impossible to take these wells offline 
using the current program. 

5.6 Monitoring Well Upgrades 
Under the selected site remedial altematives, several monitoring wells will require 
upgrades and some will be slated for abandonment. If a well is slated for 
abandormient, the well or piping will have all exposed portions removed to a 
depth of 2 feet BGS. All bollards and concrete pads will also be removed. The 
remaining piping will then be filled with bentonite-cement slurry, and the open 
end will be capped. The areas around each well will then be backfilled to a level 
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even with the existing ground surface. Specifications for well abandonment have 
been prepared as part of the design. 

Based on the location of new extraction wells, additional monitoring wells will be 
constructed in order to monitor source area plume concentrations and pumping 
effects through the observed cone of influence. The locations of the new 
monitoring wells were determined based on achieving these goals, which entailed 
placing the new monitoring wells close to and generally upgradient of the 
extraction wells. The remedial design documents contain monitoring well 
locations and construction criteria as shown on Sheet 4 of the Design Drawing 
Set. Determinations have been made based on the new monitoring well locations 
as to the need for above-grade (stick-up) or flush-mount completions. Protective 
concrete bollards will be placed around all wells completed above grade. 

W 
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6 Additional Considerations 

6.1 Health and Safety 
Each contractor and/or subcontractor working on site will prepare a site-speciflc 
health and safety plan to govern their activities in relation to the specifications. 
The CHSP will be required in accordance with Occupational Safety and Health 
Administration Standards and Regulations contained in 29 Code of Federal 
Regulations (CFR) 1910 and 29 CFR 1926. Each plan will specifically identify 
the person with authority to stop work at the site. 

Trenching activities will not require entering a trench greater than 5 feet deep. It 
is anticipated that construction activities will require entering a trench less than 5 
feet in depth, which will include the following activities, at a minimum: 

• Making pitless adapter connections to wells EW05, EW06, and EW07; and 
• Performing force main and electrical conduit connections at the building 

foundation. 

The safety of persormel in excavations is regulated by the Occupational Safety 
and Health Administration (OSHA) as specified in 29 CFR 1926.650-653. OSHA 
dictates standards for shoring, sloped sidewalls, hazardous atmosphere, access, 
and other aspects of excavation projects. The regulations dictate that persormel 
entering an excavation over 5 feet in depth work under an OSHA Safety Plan; that 
a minimum number of daily inspections of trenches and shoring are performed; 
and that an OSHA-defined Competent Person remains on site at all times when 
persoimel are in trenches. OSHA regulations will be followed at all times 
throughout the construction process. The Contractor will verify conformance 
with these regulations. 

Proper hoisting and lifting operations will be important to worker safety. 
Hoisting and lifting operations will take place on many occasions, including: 

• During loading and unloading of materials and equipment; 
• While setting the equalization tank in place; and 
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• During placement of the pre-fabricated steel building and assembly of 
building roof and wall tie-ins. 

6.2 Site Security 
The selected remedial action contractor will be responsible for site security and 
for protection of their equipment and materials that are stored on site. 

6.3 Purge and Decontamination Water 
All purge and decontamination water will be run through the current pump-and-
treat system for treatment and ultimate discharge to the Rock River. 

6.4 Off-Site Borrow Materials 
Approved off-site borrow materials will be required for many of the components 
of the final remedial action. The selected remedial action contractor will meet the 
specifications required for borrow material. Borrow material will be tested for 
polychlorinated biphenyls (PCBs), VOCs, semivolatile organic compounds 
(SVOCs), and metals concentrations greater than Tiered Approach to Corrective 
Action Objectives (TACO) Tier 1 residential standards. The contractor will 
submit borrow material samples and their testing results to the Illinois EPA. The 
source of borrow material will be made available for inspection by Illinois EPA, 
or another source will be found. 

6.5 Disposal, Emission, and Discharge Requirements 
Drill cuttings will be generated during the installation of new groundwater 
extraction and monitoring wells. All drill cuttings will be containerized and 
sampled for disposal analysis. The container holding any drill cutting materials 
will be labeled and dated while awaiting final disposition in accordance with 
Resource Conservation and Recovery Act (RCRA) requirements. It is currently 
anticipated that drill cuttings may be disposed of in a non-hazardous landfill. 
Concrete bollards, well casings, and other materials removed from abandoned 
wells and generated during remedial design construction activities will be staged 
on site until they can be transported to an off-site construction debris landfill. No 
permit-required emissions are expected during site construction activities. Purge 
and decontamination water will be handled as detailed in Section 6.3. 

6.6 Site Survey 
A site survey will be completed at the conclusion of all field activities and will 
include the locations of new extractions wells and monitoring wells constructed as 
part of the remedial design. Additionally, existing monitoring wells that have had 
repairs completed will be surveyed, and the north side of the well casing will be 
marked for future water measurements. 
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6.7 Permits and Access Agreements 
It will be the remedial action contractor's responsibility to obtain the permits and 
access agreements needed for construction. Permits may include City of Rockton 
Construction Permits, City of Rockton Building Permits, State of Illinois Drilling 
Permits, and utility clearances. 

6.8 Operations and Maintenance 
EEEI will prepare an O&M plan to cover implementation and long-term 
maintenance of the Remedial Action. The O&M Plan will incorporate all 
pertinent operational requirements of the ISCA pump-and-treat system and 
requirements for long-term groundwater monitoring. The intent of the O&M plan 
is to maximize the on-line operational time and performance of the treatment 
system. The O&M plan will supersede any existing plans. 

EEEI will prepare an O&M manual to provide technical information to assure: 

• Effective and efficient operation of the site remedy; 
• The site remedy is monitored for performance and effectiveness; and 
• All parties are aware of the specific O&M needs of the site/process. 

Key items associated with the O&M plan include the following: 

• Weekly Operation and Maintenance and Reporting. This includes 
coordination with the Engineer, mobilization, demobilization, system review, 
system adjustments, general and preventive system maintenance, and report
ing of immediate repairs to the operating treatment system. 

• Monthly Operation and Maintenance, Sampling, and Reporting. This 
includes coordination with the Engineer, mobilization, demobilization, system 
review, system adjustments, general and preventive system maintenance, 
sampling of regulatory discharges, and reporting of the system checks, flow 
information, and immediate repairs to the operating treatment system. 

• Unscheduled System Maintenance and Reporting. This includes 
mobilization and demobilization to handle and maintain unscheduled treat
ment system shutdowns as required, and communication and coordination 
with the Engineer. This also includes the evaluation of system problems and 
the ability to restart the system and continue treatment of the environmental 
waste sfreams. 

• System Startup and Monthly System Review and Evaluations. Restart the 
air stripper and groundwater extraction pumps to evaluate equipment per
formance on a monthly basis. 

In addition to the items listed above, EEEI will develop multiple checklists, which 
will document the inspections and pertinent system operational data to allow for a 
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thorough evaluation of system performance, as well as identify potential 
modifications to the operations to increase its operational efficiencies. 

The O&M manual will be one complete, stand-alone document that can be 
implemented by individuals with limited familiarity with the site/process. The 
relevant portions of the documents referenced in the O&M manual (such as 
manufacturers' O&M manuals, shop drawings, engineering specifications, and 
relevant and appropriate requirements of regulatory agency regulations and 
documents) will be incorporated in the O&M manual as appropriate. 

The Guidance Document EPA/542/R-05/010, O&M Report Template for Ground 
Water Remedies (with Emphasis on Pump and Treat Systems), will be used in the 
writing of the O&M Plan. A draft O&M Plan will be subniitted for written 
comments as a pre-final 95% Design Document submissionpgoTfunents 
Illinois EPA will be incorporated into a final |0&M Plafi,̂ and three copies of the 
document will be submitted for distribution. Yhe O&M-PIan will be written to 
include changes that will be made to the system follqwing implementation of th^ 
Remedial Design. Following implementation of tjid Remedial Design^ 
Plan may require minor revisions. 
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April 18, 2007 

VIA ELECTRONIC AND 1ST CLASS MAIL 
Eric Runl<ei 
Illinois Environmental Protection Agency 
3urea of Land 
Springfield, IL 

Re: USEPA Review of 30% Remedial Design Document Per Beloit Corporation 
Superfund Site 

Dear Eric: 

i have reviewed the above referenced 30% design document dated .Aoril 2007 and have the 
following comments: 

Section 1.1 Purpose of the Design Report 

Last paragraph on page 1-2: The second sentence of this paragraph says that RD documents 
will be comprehensive and complete so that bidding pacl<ages can be prepared and provided to 
remediation contractors. I suggest that you have the design contractor prepare the bidding 
packages as part of the design. If you choose not to incorporate this modification, then I want to 
know who will prepare the bidding packages and when. 

E & E response: This section as been revised to indicate ttiat the illinois EPA will hold the 
contract with the selected remedial contractor, who will be one of the Illinois EPA Corrective 
Action Contractors. 

Also. I proDose that you aac into this section a specific requirement that all calculations and 
drawings will be certifiea and signed by a Registered Professional Engineer. 

E & E response: The Final 100% Design Specifications will be signed by a Registered 
Professional Engineer. 

Section 2.8 Scope of the Final Remedial Action 

The ROD requires institutional controls be placed on the Beloit property until the groundwater is 
restored to the more stringent of MCLs of State of Illinois Class I standards and for MNA in 
Blackhawk Acres until these goals are met. Who is going to be responsible for placement of 
these institutional conirols. I ami doing this for a site in Wisconsin and it requires and Easement 
and Resthctive Covenant to be prepared and filed with the County. Why don't you have your 
remedial design contractor draft the easement and restrictive covenants so that we can easily file 
it with the County. If you do not agree to this modification, then I want to know who will do that 
and what is the schedule for this item. 

This section suggests that the goals of the RA are to be MCLs or Class I standards across the 
whole site. However, later in the report where it discusses the goals of the enhancea ISCA, these 
goals are not stated. 

E & E response: Section 3.1 has been revised to specifically reference the appropriate standards. 

Chapter 3: Groundwater Treatment Zone Delineation and Well Layout 

The second paragraph states that this work was done in accordance with the Illinois EPA-
approved work documents, field sampling plan, and QAPP prepared by E&E. I think that we 
should state specifically in this section that the QAPP was approved by the USEPA Qapp 



Reviewers because as you know, all QAPPs must be approved by USEPA. 

E & E response: A sentence has been added stating that the QAPP was approved by EPA. 

Groundwater modeling section of Chapter 3: While I reviewed this section of the report I would 
like to submit this section to the Superfund Field Support Services team for their hydrogeologist's 
review and I request that their comments and concerns be addressed prior to submission of the 
95% design. 

E & E response: Responses to specific groundwater model comments are provided in another 
comment letter. 

Figure 3-1 - Extent of PCE contamination: 1 question the southeastern edge of the PCE plume 
boundary. There are no monitoring wells in this area but the plume mysteriously stops at the 
Beloit Corporation property line. What information did they rely upon to determine this edge of 
the plume. We know that the contamination extends into the southwestern corner of the 
Blackhawk Acres subdivision yet we show the plume boundary stopping at the property line. 

E & E response: The figure shows only the PCE plume greater than 5 ug/L (the MCL). 
Concentrations below the MCL extend into the Blackhawk Acres, but are not shown on this figure. 

Section 4.6 NPDES Permit 

The first paragraph of this section states that the treated groundwater is discharged to the Rock 
River under a NPDES permit that will expire in three years. Then it states that the treatment plant 
must operate in a manner that meets the requirements of the NPDES permit as reported on the 
DMRs. What are DMRs? Are they the Discharge Monthly Reports? What happens when we 
modify our system and add additional elements to the discharge? I understand that we have 
done mass balance calculations to show that the additional load will not exceed the discharge 
requirements but don't we have to submit these calculations to the people who approve NPDES 
permits to obtain their agreement? Also, what happens in 3 years when the current permit 
expires? Why don't we just go ahead and have the design contractor prepare the necessary 
submission to the NPDES permitting authority and we obtain either a revised permit with a longer 
effective period or a Substantial Discharge Requirements letter from them which agrees to our 
modifications and reiterates the substantive requirements for us at this Site. This section really 
leaves me wondering who is going to have to deal with these issues in a couple years and 1 
foresee problems if we don't engage the NPDES permitting people at this stage. 

Since this is a Superfund Site, of course we do not have to obtain permits, but we customarily ask 
that the permitting authorities give us a Substantial Discharge Requirements (SRD) letter. 1 
propose that you have your design contractor prepare the letter of inquiry to the NPDES 
Permitting Section and include all necessary calculations and information for them to make a 
determination and while they are at it, have them submit the letter of inquiry and incorporate the 
requirement for them to obtain an SRD letter for inclusion into the final design. 

E & E response: E & E will communicate with the NPDES Permitting Section if requested by 
Illinois EPA. 

Section 4.7: Air Permit 

This section ends with the statement that since the total amount of VOCs emitted per year would 
be begligible (544 pounds per year) that the Bureau of Air likely would determine an air discharge 
exeption. This bothers me for the same reason as the NPDES permit bothers me although this 
section does go on to state that a letter of Inquiry would need to be submitted to the Illinois EPA, 
Bureau of Air Permit Section do obtain written determination concerning permit status. I believe 
what we need to obtain from the Bureau of Air Is a Substantial Discharge Requirements (SRD) 



letter similar to the SRD letter that we seek from the NPDES Permit Section. Since this is a 
Superfund Site, of course we do not have to obtain permits, but we customaniy ask that the 
permitting authorities give us an SRD letter, i propose that you have your design contractor 
prepare the letter of inquiry to the Air Permitting Section and include all necessary' calculations 
and information for them to make a determination and while they are at it. have them submit the 
letter cf inquiry and incorporate the requirement for them io obtain an SRD letter for inclusion into 
the final design. 

E & E response: E & E will communicate with the Bureau of Air Permit Section if requested by 
Illinois EP.A. 

Table 4-1; Monitoring Weli Survey Evaluation Results 

Why can't I see any X-Y coordinates for these wells? Will this be inciuded later in the Site 
Survey? Was the information collected or estimated? .Please let me know how I can obtain the 
X-Y coordinates for the monitohng wells. 

E & E response: Coordinates for these wells will be confirmed later in the site survey, as stated 
in Section 6.6. Coordinaies'for existing wells are providea in the Rl Report. 

Table 4-2: Extraction Well Construction Details 

Why can't I see any X-Y coordinates for these wells? Will this be included later in the Site 
Survey? Was the information collected or estimated? Please let me know how i can obtain the 
X-Y coordinates for the extraction wells. 

E & E response: Coordinates for these wells will be confirmed later in the site survey, as stated 
in Section 6.6. Coordinates for existing wells are providea in the Rl Report. 

Section 6.1 Health and Safety 

All Site specific Health and Safety Plans that are submitted by subcontractors should also 
specifically identif\/ wnich person has the authority to stop work at the Site. 1 suggest that you 
add a sentence tc that effect in the section on Contractor Health and Safety Plans. 

E & E response: A sentence has been added to this effect. 

Section 5.8: Operations and IVIaintenance 

The very last sentence of this section states that foiling implmentation fof the RD, the O&M plan 
may reauire minor revisions. I propose that you adc to this sentence the requirement for the RA. 
subcontractors to make these revisions and to provide "As-Built" Drawings to be incorporated into 
the Final O&M Plan and that all these drawings are to be certifiec bv a Registered Professional 
Engineer. 

E & E response: Tlie scope ofM:ori\ w i l l be revised ro include recoi'd dixivviug I'eqiureiiwnt.': 

( fa- legal i-easons we don '[. use the i.eiin as-hiiUtsi. 

In the interest of saving time I am going to send these comments to you today but I advise you 
that I am submitting the modelling section of the document to our hydrogeologists for their review 
and I request that you have your contractor address their concerns prior io submission of the 
Final Remedial Design. 

Sincerely. 



Jon Peterson 
Remedial Project Manager 



RESPONSE TO USEPA COMMEiNT: 
GROUNDWATER TREATMENT ZONE DELINEATION AND WELL LAYOUT 

REMEDIAL ACTION 30% DESIGN REPORT 
BELOIT CORPORATION 

General comment fi-om Dr. Luamie VandeipooL USEPA Advanced .Analysis & Decision 
Suppon Section, R5: 

/ concur with, die proposed additional extraction wells. The nio additional u-̂ ells as 
well as the relocation of one of the original wells will greatly improve the 
performance of the pump and treat /•einedy. As I previously have coinmiinicated. to 
you. the suggestion for enhancing hydraulic conductivit). hy hydraulic fractuiing in 
the immediate vicinit}: of the extraction wells is questionable. I strongly uige a cost 
benefit analysis be done to detennine if the potendal hydraulic conductivity: 
enhancement (that is not assured) will reduce the time frame foi- cleanup enough to 
justify the additional cost of doing the hydraulic fracturing. 

Response: Additional text has been added to Section 3.7 that provides additicnai 
evaluation of potential benefits of fracturing and the perfomiance of a cost benefit 
analysis during ftiture design phases. 

Specific comments: 

/. Section 3.3, Model Construction, Obsen'ation Wells. Page 3-3 
Reference is made to water levels provided on Table 3-1. Table 3-1 w the report 
does not provide water levels. This absent table is again referenced on page 3-5, last 
paragraph of the boiindaiy conditions subsection. 

Response: Table 3-1 has been included. 

It is stated that 8 monitoiing wells were selected to sei-ve as obsei-^-ation wells and to 
be used during calibration. Are 8 wells all that exist? If more exist, what was the 
rationale for selecdng these wells'^ .411 wells located within the model domain, 
screened in the inten'als being modeled should be used. 

Response: There are 14 monitoring wells in the modeling domain. Onginally. 8 
water table weUs were used during calibration. One additional well has been added 
(W21), for a total of 9 water table calibration wells. Well locations are shown on 
i"evised Figure 3-8. Five wells within the model domain were not used for the 
following reasons: W23B (deep well nested with water table well W23 [used m 
cahbration]); wells W31C and W41 (pre-ISCA RI water level data is limited and 
potentially non-representative), well W35C (deep, non-water table well), well W39 
(water level only 0.2 ft. different than Vs'40 and ui the same general area. W40 
selected to represent Beloit Plant upgradient conditions). 
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2. Section 3.3, Boundary Conditions, Pages 3-4 and. 3-5 
The model appears highly constrained with no natural boundaries (die model domain 
does not extend as far as the,Rock River, so the river nodes are artificial) and a 
considerable portion of the boundaries constant head boundaries. It is mentioned in 
Section 3.4 tftat boundaiy conditions were adjusted durii-ig calibration but that is not 
discussed at all. Ideally the extent of the model would expand outM'ard so that the 
extent of the model domain coincides with physical features of the ground water 
system which are then represented as the domain boundaries. Wren ai'tificial 
boundaries are used they must be carefully evaluated to determine what error this 
causes to the model and this should be discussed in the modeling repoi't. 

Response: The Rock River was mcluded in the model along the western boundary 
and portions of the northern boundary (see Figure 3-6) and was discussed on page 3-
5. 

3. Section 3.4, Model Calibration 
WHiile the calibration appears acceptable, there are veiyfew calibration targets. 
Figure 3-8 shows 5 monitoring wells that were not pai't of the calibration: why 
weren 't they used? Tlie few calibration targets is a significant source of uncertainly. 

Response: Please see response to Comment #1 above. 

4. Section 3.5, Sensitivity Analysis, Page 3-7 
Specify the range over which river bed leakage values were varied, and provide 
justification (here or in Section 3.3) that the range tested is reasonable for the site 
conditions. (Citing modeling done by someone else is not adequate justijication; 
citing the rationale used by the previous modeler may be adequate justification.) 
Tlie sensitivity of the model to the constant head boundaiy values should, also have 
been tested. 

Response: In the RI, the leakage factors (river bed hydraulic conductivity ^ed 
thickness) were based on an assumption that the nodes immediately upstream of a 
dam would have a tlucker river bottom sediments and lower river bed conductivities. 
Values for the river bed conductances were based on literature and calibration 
efforts. The values used ranged from 0.0035 day"' near the dam to 0.283 day"' 
upstream of the site. The model domain for the extended extraction well system 
included an upstream section of the river and a leakage value of 0.23 day"' was used. 
However, as stated in the text, increasing or decreasing the river bed leakage value 
within this range had little or no effect on model sunulations. 

' Rorabaugh, M.L 1951, Stream-Bed Percolation in Development of Water Supplies. Trans-General 
Assembly Brussels International Arrow Science Hydrology, V2 pp. 165-174 

Norris, S.E. and Eagon, H.B., Jr 1971, Recharge Characteristics of a Water-Course Aquifer System at 
Springfield Ohio, Groundwater V9 No.l pp 30-41 

Warzyn Inc. 1986, Remedial Investigation of the Wausau Well Field. 
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Sensitivit}' of the model to the constant head boundar}' values was perfonned during 
model calibradon. During the calibration process adjustments to die constant head 
values were made witlun reasonable ranges around the average water table elevations 
measured before ISCA operations began, m wells located near the model domain 
boundaries. These trial-and-eiTor adjustments were made until a reasonable match 
between the obsen'ed and sunulated flow field within the domain was obtamed. 

5. Section 3.6, Evaluation of Existing ISCA P & T System 
Discussion during ihe briefing implied that modeled heads simulating operation of 
the ISCA P & T were compared to actual measured heads. There is no mention in 
this section ofdouig that. This comparison would help to validate the model and 
should have been included in the I'epoi't. 

Response: Text will be added to Section 3.6. .Modeled drawdown in extraction well 
EWOl was 18.05 ft. during simulated pumping at a time averaged rate of 10 gpm. 
This is comparable to an actual drawdown of 19.3 ft. measured in EWOl while 
pumpmg at approximately 16 gpm during the Source Aî ea Investigation short-temi 
pump test (Technical Memorandum, Source Area Investigation, Beloit Coiporation 
Superfund Site, Rockton, Illinois. E & E. Februar,- 2007). The favorable comparison 
of model results to field observ'arion provides a measure of veriticarion and results in 
a higher degree of confidence in model predictions. 

6. .Absent from this modeling report is a discussion of ihe model limitations and sources 
of uncertainty:. Such a discussion should be included. 

Response: Addinonal text has been added to Section 3.5 Sensitivit}' Analysis. 

Because the aquifer system being modeled is heterogeneous, there is uncertamty 
inlierent m the representation of complex and variable geologic and hydrologic 
conditions with a fmite mathematical model. Sensitivity analysis was used in the 
calibration process to identify those parameters that are the most important to model 
reliabilit}'. The puipose of the sensitivit}' analysis was to identify the uncertamt}' in 
the calibrated model caused by uncertamry m the estmiates of aquifer parameters and 
other inputs. Ail geologic and hydrologic inputs, e.g., lithology, thiclcuess, 
continuity, hydraulic properties, water sources and sinks, were considered to have 
some degree of uncertainty, however the parameters selected for sensitivity analysis 
were those that would have the greatest affect on potential changes in hydraulic head 
and the abilit}' of the model to simulate the physical hydrogeologic system. Although 
all mput parameters were varied to some degree dunng trial-and-error calibration of 
the model, the primaiy parameters identified for sensitivity- analysis were the 
hydraulic conductivit}'. ramfall recharge, and nver bed leakage. 

/. Table 3-1 and Table 3-2 and Section 3.6 
a. .4 retardation factor (4.3?) is assumed. Provide ixitionalefor this assumption. 
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Response: USEPA's On-line Tools for Site Assessment Calculation-Retardation 
Factor (http:/./www.epa.gov/Atiiens/leai'n2modeL/part-uvQ/onsite/retard.htm) was 
used m conjunction with data from the RI. Inputs were as follows: 

Porosity: 0.2 from RI; 
Fraction Orgamc Carbon : 0.002 from RI; 
Chemical Data Source: Illinois EPA, Risk Based Cleanup Objective Part 

. 742 T.ACO 
Chenncal: PCE 
Defauh Parameters: Solids Density (2.65), Koc 155 L/Kg 

The retardation factor determined by the USEPA On-line Tools .Assessment 
Calculation and used in the model (4.3) was comparable to the retardadon factor 
of 5.3 calculated and used in the RI. 

b. A constant thickness for the aquifer is assumed. Yet in the flow path 
modeling, the domain was divided into three areas with differing aquifer 
bottom elevations. Explain this and justify the use of the constant aquifer 
thickness in the table calculations. 

Response: The most contaminated portions of the plume. Zones A and B, and a 
large portion of Zone C are located above the aquifer bottom elevation of 680. 
Peripheral areas are transitional to elevations 670 and 690. A constant bottom 
elevation of 680 provided a good approximation for calculation of the tliickness of 
the aquifer in areas requning cleanup. 

c. Wiy are the zones assumed to be circular? The actual plume is not portrayed 
as circular (Figure 3-1), nor are the proposed extraction wells located as if 
the system is conceptualized, as circular. 

Response: Although the actual plumes are only roughly circular, the use of the 
cfrcle was a consen'ative approximation intended to facilitate calcularion of 
surface areas and volumes of contaminated groundwater for the pore volume 
removal calculation. 

d. Add text explaining how the zones are defined (e.g. that Zone C does not 
include the area within Zone B). 

Response: Text has been added to both tables. 

e. Add text explaining how the withdrawal rates for each zone are estimated. 

Response: Text has been added to both tables. 

8. Table 3-1 and Table 3-2 
a. There are errors in the calculation of surface areas which result in Surface 

Areas in the tables being about tAvice as large as they really are. 
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b. There are errors in the calculation of ''Minimum Number of Pore Volumes 
Required to Reach MCL ". 

c. There appears to be errors or inconsistencies in withdrawal rates used in the 
spreadsheet. 

f //; table 3-1, there is a withdrawril rate of 5 gpm in Zone .4. a 
withdrawal rate of 5 gpm in Zone B and a withdrawal rate of 10 gpm 
in Zone C: vet the total wididrawal rate is only 15 gpm. Either explain 
or correct die table. 

ii. In Table 3-2. footnote 2 states that the Zone B withdrawal rate is 
approximately 7.5 gpm from EW06 and '̂ .5 gpm from EW07 (for a 
total of 15 gpm) bin in the spreadsheet the withdrawal rate is 30 gpm. 

Hi. In Table 3-2. footnote 2 states that the Zone C withdrawal rate is 
approximately 7.5 gpm and 12.5 gpm (for a total oj 20 gpm), bur in the 
spreadsh.eet the withdrawal rate is 42 gpm. 

Response: Each of these errors have been corrected. Tables 3-2 and 3-3 have 
been consohdated into one table- now Table 3-2. For clarification, this table has 
been revised to include cleanup time estunates under vanous extraction scenarios 
only for the plume as a whole (area where PCE exceeds the MCL of 5 ua,'L). 
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VIA FACSIMILE AND 1ST CLASS MAIL 

September 28, 2007 

Eric Runkle 
Illinois Environmental Protection Agency 
Bureau of Land - National Priorities Unit 
1021 North Grand Avenue East, 
P.O. Box 19276 

Springfield, Illinois 62794-9276 

Re: Beloit 95% Remedial Design Comments from USEPA 

Dear Eric; 

I have reviewed the 95% design submittal and I have the following comments 
that will have to be addressed and incorporated in some fashion into the final 
design document and which con relied upon to establish the Administrative, 
Record for the remedial actions that lEPA will be undertaking using USEPA funds. 

First, in Section 1,2 - the definitions section, there are several instances where it 
refers to the Lake Calumet Site. Please ensure that there ore no errors of this 
type in the final submittal. 

Response: All references to the Lake Calumet Site will be removed from the 100% 
design. 

All of the groundwater modeling discussions including, but not limited to, the 
contents of the 30% design submittal, the responses to comments on the model 
that took place in several letters and emails and a powerpoint presentation 
have got to be wrapped up into a final deliverable that may be an appendix to 
the Remedial Design or a separate submittal such as a tech memo. To be more 
clear about the contents of this appendix or tech memo, the 30% design 
submittal contained a detailed discussion of the modeling that was conducted 
to justify the selection and placement of new extraction wells. Then there was 
discussion with our modeler. Dr. Luanne Vanderpool and our USGS contact. Bob 
Kay regarding the accuracy of the model and several response to comments 
letter were prepared and a powerpoint presentation submitted to satisfy the 



comments of our reviewers. These included clarifications, citations of research 
articles and experience at other sites and went so far as to include a cost-
benefit analysis which formed the basis for our decision to sign the Explanation 
of Significant Differences. I want to make sure that we have a final documients 
that ties all of that discussion together and puts it into a standalone document 
or appendix. 

Response: The 100°/o design documents are for bidding (if it were to occur) and 
construction purposes.. The inclusion of modeling discussions and/or justifications into a 
construction document would be inappropriate. Therefore, a Design Analysis Report 
providing the requested information (with the exception of the Powerpoint presentation, 
which would be redundant information) will be prepared and submitted .before the 100% 
design. 

The Scope of Work section i .3 doesn't include a requirement to provide as-built 
drawings that we will ultimately need for the Final O&M Plan and the Remedial 
Action Completion Report and I want you to ensure that the work requires 
submission of all components necessary for those deliverables. 

Response: The scope of work will be revised to include record drawing requirements 
(for legal reasons we don't use the term as-builts). 

The Scope of Work does say at item P'. that they shall obtain the permits required 
for Work. Exactly what permits ore you talking about here? 

Response: Constr:jction permits associated with Rockton Township. Drilling permits 
from the State of Illinois, and utility clearances. 

I recall that in the 30% design submittal there were mass balance calculations 
for the additional loading to the air stripper end the NPDES discharge. I also 
note that the NPDES discharge criteria do not include standards for cis or trons-
1,2-dce nor vinyi chloride. In Bodines reporting of sampling results there were 
levels of cis-1,2-DCE up to 900 ppb. .Are you sure that NPDES would allow 
discharge of this high of a level of cis-1,2-DCE? I also note about Bodines 
groundwater monitoring results that they frequently had elevated detection 
limits probably due to sample dilution and I doubt that this sampling was done in 
accordance with the new C'XPP. Their tables do not report anything for vinyl 
chloride either, i also recall on earlier discussion that the NPDES permit would 
have to be renewed every 3 years or so and I see on the lEPA webpoge that if 
you make changes to your system you may hove to get the blessing of the 
NPDES permitting authority so I question whether or not the moss balance 
calculations hove been presented to the lEPA air and NPDES permitting 
authorities for their concurrence on our changes. You told me that we already 
had permits from these two entities but I don't recall ever seeing a copy of those 



permits. Therefore, in order for me to feel comfortable that the Air and NPDES 
permitting authorities will be satisfied with our changes, I would like to see a 
letter to both permitting authorities that contains a copy of .the existing permits 
that you soy you have and shows them the changes that we ore proposing and 
asks for their concurrence. I would like for this to be submitted as an appendix 
to the 100% remedial design. 

Response: Based on EEEI's review of the current NPDES permit, there is a discharge 
limit for total 1,2-DCE of 25 ug/L (monthly average) and 574 ug/L (daily maximum). 
There is no discharge limit established for vinyl chloride because it has never been 
detected at the site. Nonetheless, vinyl chloride is Included in the list of analytical 
parameters for effluent. To illustrate, the effluent results for May 2007 from Bodine, 
using the lower detection limits, is attached. 

E & E will communicate with the State Air and NPDES authorities if requested by Illinois 
EPA. 

I see in section 1.2 Previous Studies that it doesn't list the QAPP that E&E got 
approved and the O&M plan is from Montgomery and Watson dated 1996. 
Therefore, the O&M plan has got to be updated and it would be ideal if the 
100% design hod a draft O&M plan within it that was finalized after the 
construction is completed and you receive the as-built drawings that you have 
required your controcto;' to submit as I requested earlier in this letter. 

Response: EEEI is developing the draft O&M plan and will submit the draft as part of 
the 100% design submittal. The O&M plan can not be finalized until the system has 
been constructed and the shake down period completed because changes in the design 
and operations will undoubtedly occur during construction and initial start-up. 

I want to include at the end of this comment letter the following three 
paragraphs that were inserted into the RD workplan by your contractor to 
explain how the overall responsibilities on this project because that is the only 
place where this explanation of roles and responsibilities is located. 

Under the direction of the Illinois EPA, responsibility for design and 
implementation of the final remedy has been divided between three 
organizations; the Illinois EPA, E & E , and Bodine Environmental Services, Inc. The 
Illinois EPA will provide overall supervision of the remedial action project and 
establish a GMZ for the NPL site and Village of Rockton, and conduct routine 
residential well sampling and analysis. 

E&E will provide pre-design activities to be performed during a Source Area 
Investigation (SAI), Existing Monitoring Well Evaluation, ISCA Engineering 
Evaluation, and Pilot Test. E&E will also provide the engineering design process 



and various deliverables to be submitted during the process for all components 
of the final remedy, including an O & M Plan for long-term maintenance of the 
Remedial Action. 

Bodine Environmental Services, Inc., another Illinois EP,A contractor, will be 
responsible for long-term groundwater monitoring, construction of any 
modifications to the existing ISCA pump-and-treat system and O & M of this and 
any other components of the final remedy. Bodine is currently performing O & 
M of The groundwater treatment system and quarterly groundwater monitoring 
pursuant to the Action Memorandum for the Interim Source Control Action and 
the Removal Action Design Report, both of which are part of the Administrative 
Record for the site. 

I think we should update this roles and responsibilities to include a requirement 
for all sampling and analysis ro be conducted under the new QAPP for the site 
and for all the oatc to be submitted to us in the Electronic Data Deliverable 
format available online at 
htto:/7v/ww.eDc.aov/reqion5/suDerfund/edman/index.html 

Response: The roles will be defined in the O&M plan. I would not name companies 
(i.e., Bodine, E&E), but instead leave it to I EPA consultant/engineer and O & M 
contractor. The new O & M plan will also identify the requirements of a new QAPP. 

Sincerely yours. 

Jon Peterson 



ENVIRONIVIENTAL SERVICES, ING. 

E n v i r o n m e n t a l C o n s u l t i n g & C o n t r a c t i n g 

June 5, 2007 

Mr. Eric RmiJcel 
Illinois Enviromiiental Protection Agencj' 
Bm-eau of Land 
1021 Noith Grand Avenue East 
Springfield, Illinois 62794-9276 

Re: May 2007, Effluent Sampling Results 
Bodine Project No. 118337 

Waste Management 
24-lioi;r Service 
Site Remediation 
Environmental Audits 

Tank Removal/Cleaning 
Air Monitoring 
Spill Response 
RCRA Closures 

2010355004-V/iiinebago 
Beloit/Beloit Coip. NPL Site 
Superfiind/Tecliaical 

Deal- Mr. Ruiilcel: 

On behalf of the niiiiois Envii-oiimeiital Protection Agency (Illinois EPA), Bureau of Land 
(BOL), Bodine Enviromnental Services. Inc. (Bodine) perfonned tlie bimontlily effluent 
sampling for tlie groundwater pump and treat system associated with the above-referenced 
facility. Botli laboratci^' analytical reports ai-e enclosed. 

Bodine collected effluent samples consistent witli the previous sample collection procedures used 
by the ti-eatmeiit works operator, Mi-. Tom Dal Santo on May 14 and 21, 2007, The samples were 
delivered to PDC Laboratories, Inc. and received by tlie laboratoiy tlie next day for analysis of 
volatile organic compounds (VOCs) using U.S. EPA Method 624, the equivalent of SW 846 
8260B R2.0. The laboratoiy utilized lower reporting limits. Based upon tlie enclosed laboratorj' 
reports, tlie treated effluent did not contain detectable concenti-ations of VOCs. 

The data will be subniitted wifli tlie quaiterly report. If you have any questions, please contact 
the undersigned at (800) 637-2379. 

Respectfully submitted, 
BODINE EmORONMENTAL SERnCES. INC. 

Stephen D. Nussbaum, P.E. 
Senior Project Manager 

Brett J. Marshall' 
Consulting Services Manager 

Enclosures: PDC Laboratories, Inc. Laboratoiy Reports, May 30 and May 31, 2007 

Cf: (all with enclosures) 
BOL Manager, Roclcford Rgn, 1021 N. Grand Ave. East, Springfield, IL 62794-9276 
Tom Dal Santo, P.O. Box 14, Soutli Beloit, IL 61080 
Kevin Phillips, Ecology' & Enviromnent, 33 N. Dearborn, Suite 501, Chicago, IL 60602 

5350 East Firehouse Road » Decatur, Illinois 62521-9601 " 800/637-237S » FAX; 217/864-2056 



PDC Laboratories, Inc. 
P.O. .SGX 3071 •• Peoria, IL B1S12-K071 

(309) o32-96d8 •> (fjnO) 752-BG.5i 

^ \N ACCo,o^^ 

Bodine Environmental Sen.'ices 
5350 East Fi.̂ ahouse Read 

Decatur̂  IL 5252-̂  

Attn: Mr. .Stephen Nussbaum 

Dats Received: 

Date Reported 
22-.May-07 

31-Mav-07 

.Ssrr.ple No: 07053463-1 

Client Id: P R O J # 1 1 S 3 3 7 Site: E3CS210? 

Ii3c: Dale: .21-May-07 9:30 

Locator: GRAB 

Result 

SW-346 5260 B R2.0 

1,1, '1,2-TetrachicrQetfiaP9 

1,'i,'-TrichlDroetnane 

. 1,1,2,2-Tetrachloraethane 

1,l,2-7nch!Dro6tl-iane 

1,1-Dichlorcethane 

l/i-DichiDroethens 

',2,4-Trichlorofaenjsns 

1,2,4-Trimeihylbenzens 

1,2-Dib romo-S-chloropropsnB 

1,2-Dic.'-.iorobenzene 

1,2-Dichioroethane 

1,2-Dichlorcpropane 

1,3,5-TrimsihylbB.nzene 

1,3-Dichlorobenzene 

li i-Dichlorobenzene 

2-Bu;anone 

2-Chloroethylvinyl iHther 

2-rlexanone 

- 4riVlethyl=2-pentanone 

.Acetone 

Acetonltrile 

Acrolein 

.Acn^lonitrile 

Benzene 

Qromociiloromelhane 

Bromodichloromeiriane 

Bromofonn 

Bromometiiane 

Carbon Disulfide 

Carbon Tetrachloride 

Chlorobenzene 

20 

Units 

u-g/l 

ug/i 

ug/l 

ug/l 

ug/l 

ug/i 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/i 

.ug/l 

ug/i 

ug/l 

20 ug/l 

20 ug/l 

2 ug/l 

2 ug/i 

ug/l 

ug/l 

ug/i 

ug/l 

ug/l 

ug/l 

Date 

29-May-C7 

2S-MBy-a7 

29-May-07 

2G-iv!ay-07 

29-May-ij7 

29-May-07 

2a-May-07 

29-rV;ay-07 

2G-iViay-07 

29-May-07 

29-May-i}7 

29-Msy-07 

29-May-G7 

29-Msy-07 

29-Wlay-07 

29-May-07 

29-May-07 

29-May-a7 

. 23rMay-07. 

29-May-07 

2S-May-D7 

29-May-07 

29-ivIay-07 

29-iViay-07 

29-May-07 

29-May-07 

29-May-07 

29-May-07 

29-May-07 

29-May-07 

2g-May-07 

Time 

19:16 

19:16 

19:16 

19:16 

19:16' 

19:16 

19:16 

•!9;1S 

19:16 

19:16 

19:16 

19:16 

19:16 

19:16 

19:15 

19:16 

19:16 

19:16 

.1.9;.; 5... 

19:16 

19:16 

19:16 

19:16 

19:15 

19:16 

19:15 

19:16 

19:16 

19:16 

19:16 

19:16 

By 

.OF 

DF 

Dr" 

DF 

DF 

DF 

DF 

DF 

CF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

..DF . 

DF 

DF 

DF 

DF 

DF 

D,"-

DF 

OF 

DF 

DF 

DF 

OF 
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PDC Laboratories, Inc. 
P.O. Box 9071 • Peoria, IL S1612-9071 
(309) B92-96B8 ^ (800) 752-6651 • E'lX (309) 692-9689 

Bodine Environmental Sen/ices 
5350 East Firehouse Road 

Decatur, IL 62521 

Attn: Mr. Stepiien Nussbaum 

Date Received: 22-I\/lay-07 

Date Reported 31-i\/!ay-07 

Sample No: 07053463-1 

Client Id: PROJ #118337 Site: ES052107 

GoilectDate: 21-May-Ci7 9:30 

Locator: GRAB 

SV/-S46 3260B R2.0 
Chloroetiiane 

Chloroform 

Chloromethane 

cis-1,2-Dich.lorGeihene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

DiohloroG'ifiuoromethane 

Ethylbenzene 

Ethylene Dibromlde 

m,p-Xylene 

Methylene Chloride 

Methyl-teri-Butyl Ethe.̂  

n-3utanol 

o-Xylens 

Styrene 

Tetrachloroethene 

Toluene 

'rans-1,2-Dichloroethene 

•• -trans-1,3-DichlorDpropene 

Trichloroethene 

Trichlorofluoromethane 

Vinyl Acetate 

Vinyl Chloride 

Xylenes (Total) 

Result 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

< 

< 

< 
< 

< 

< 

< 
< 

< 
< 
< 

< 
< 

< 

Units 

1 ug/l 

1 ug/l 

1 ug/l 

1 ug/l 

1 ug/l 

1 ug/l 

1 ug/l 

• 1 ug'i 

1 ug/i 

1 ug/i 

3 ug/i 

2 ug/l 

100 ug/l 

1 ug/l 

1 ug/l 

1 ug/l 

2 ug/l 

1 ug/l 

••• 1 - u g / l 

1 ug/l 

1 ug/l 

1 ug/l 

1 ug/i 

2 ug/l 

Date / Time 

29-May-07 

29-;\/lay-07 

29-May-07 

29-i\/lay-07 

29-May-07 

29-r«/lay-07 

29-May-07 

2S-Msy-07 

29-May-07 

2S-May-07 

2S-May-07 

2S-May-07 

29-May-07 

29-May-07 

29-iWay-07 

29-May-07 

2S-May-07 

2S-May-Q7 

29-May-07. 

29-May-07 

29-May-07 

29-May-07 

29-May-07 

29-May-Q7 

19:15 

19:16 

19:16 

1S:16 

19:16 

19:16 

19:16 

19:16 

19:16 

ISrIS 

1S:16 

19:16 

19:16 

19:15 

19:16 

19:16 

19:15 

19:16 

19:16 . 

19:15 

19:15 

19:16 

19:15 

19:16 

B> 

DF 

DF 

DF 

• DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 
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PDC Laboratories. Inc. 
P.O. 3o;c :'U7l " Peona, IL 31612-;-]071 

(309) l5,92-9.S38 •• (BOO) 7.52-.G!5Sl - FAX (309) S92-S6B3 

f t 

I l l M ^ T I ^ j i . a ; ^ •:•,•-.•.'•• -ri 

Bodine Environmenial Services 
5350 East Fireiiouse Read 
Decatur, IL 5252'! 

.Attn; Mr. Sre.ohen .̂ Jussb3um 

Date Received: 
Date Reported 

22-May-07 

31-Mav-07 

Oe.'iified by: ^riLM: inJ4r}i /C/>Ybva 
Lisa Grant .̂ reject Manag -•] er 

.̂ DC Laboratories participates in ihe following laboratory accradltaiion/certification and proficiency program.?. Endorsement by the Federal 
or State Government or their agencies is not im:plied. 

NELAC Accreditation for Drinking Water, Wastewater. Hazardous and Solid Wastes Fields cf Testing through IL SPA Lab Nc. 100230 

State of idinois Bacteriological Analysis in Drinking Water Certified Lab Regist.'v No. 17533 

Drinking Water Certifications: Indiana (C-IL-04); Kansas (£-10338); Kentucky (90058); Missouri (00870); Wisconsin (9g829')430) 

Wastewater Certifications: Arkansas; iows (240); Kansas (£-10338); Wisconsin (93829443 

Hazardous/Solid Waste Csrtif/cation.s: Arkansas; Kansas (E-10338); Wisconsin (9SS294430) 

UST Certification: Iowa (240) 

rhis Report shall not be reproduced, except in full, without Ihe written approval of the laboratory. 
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PDC Laborator:'.es, Inc. 
P.O. Box 3071 ' Peoria, IL G1612-9071 

•;30S) 392-SG88 ' (800) 752-6651 » FAX (309) fiSS 

, : ? ' : #^^ i ^^ 
•9B3'J 

% 

Bodine Environmental Servicss 
5350 East Fireiiouse Road 
Decatur, IL 32521 

/\ttn: Mr. Stephen l\'ussbaum 

Date Received: 

Dats Reported 

15-iVlay-07 

30-Mav-07 

Sample No: 37052756-1 

Client IG: PROJECT #115337 Site: ES050907 

Collect Dare: 14-M£y-07 10;15 

Locator: QPAE 

SW-846 aasOE R2.0 

1,1,1,2-Tetrachloroetha ns 

l,1,1-Trichlorcst:nane 

1.1,2,2-TetrachloroBthane 

1,1,2-Trichlcroethane 

1,1-Dichloroethane 

1,1-Dichloroethene 

1,2,4-Trir;hlorobsn2ene 

1,2,4-7fimet.hylbenzene 

1,2-Dibromo-3-chlaroprcpane 

1,2-Dichlorobenzerie 

1,2-Dichioroethan3 

1,2-Dichloropropans 

1,3,5-Trimethylbenzene 

1,3-Dichlorobenzene 

1,4-DlchlDrobenzene 

2-Butanone 

2-Chloro9thyivinyl Ether 

2-h'exanone 

. 4-Methyr2-pentanDne 

Acetone 

Acetonitrile 

Ac.-olein 

Acrylonitrile 

Benzene 

BromDohloromethane 

Bramodichbrcmethane 

Bromoform 

Bromomethane 

Carbon Disulfide 

Carbon Teiraohlcride 

Chlorobenzene 

Resull Units Dats Time By 

1 

1 

1 

2 

^ 

-

-; 

1 

2 

2 

', 

1 

1 

1 

1 

2 

9 

1 

.. 2 . 

A, 

2C 

23 

2C 

2 

2 

1 

1 

5 

1 

1 

1 

ug/l 

ug/l 

ug/l 

uc/i 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

15-May-07 

1 E-May-07 

16-,Viay-C7 

16-iVi3y-07 

1 a-May-Q7 

18-May-G7 

13-May-G7 

13-May-Q7 

13-May-07 

18-May-07 

1 E-May-07 

16-May-07 

16-May-07 

1 B-.May-07 

1 S-May-07 

16-May-07 

15-May-07 

15-May-07 

15-May-07 

15-May-(J7 

15-May-07 

1 S-May-07 

18-May-07 

1 S-May-07 

18-May-07 

1 o-Wl3y-07 

15-May-07 

18-May-07 

18-May-07 

16-May-07 

1o-fv1ay-07 

17:49 

17:49 

i7: . i9 

17:49 

17:49 

17:49 

17:43 

17:49 

17:^9 

17:49 

17:49 

17:4S 

17:4S 

17:4S 

17:49 

17:49 

-7:49 

17:49 

17:-.4&. 

17:49 

17:49 

17:49 

17:49 

17:49 

17:'-i9 

17:49 

17:49 

.17:49 

17:49 

17:49 

17:49 

Page 

DF 

DF 

DF 

CF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

PF 

CF 

. DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 
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PDC Laboratories, Inc. 
P.O. Box 9071 " Peoria, IL 61G12-9071 

(309) 692-9688 •> (BOO) 752-6651 • FAX (309) 692-9689 

Or 

s ^ 

Bodine :rnvironmer.ta( Services 
5350 East Fireiiouse Road 

Decatur, IL 62521 

Attn; Mr. Stephen Nussbaum 

Date Received: 

Date Reported 
15-May-07 

30-Mav-07 

Sample No: 07052755-1 

Client Id: PROJECT#118337 Site: ESO509O7 

Collect Date: 14-May-07 10:15 

Locator: GRAB 

Result 

SVV.846 8260 B R2.0 
Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroeihene 

cis-1,3-DichlQropropene 

Dibromochloromethane 

Dichlorodifiuoromethane 

Etnylbensene 

Ethylene Dibromlde 

m,p-Xylene 

Methylene Chloride 

Methyl-tert-Butyl Ether 

n-Butanol 

o-Xylene 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

- trans-1,S-Dichloropropene 

Trichloroethene 

Trichlorofluoromethane 

Vinyl Acetate 

Vinyl Chloride 

Xylenes (Total) 

Units 

ug/l 

ug/l 

ug/i 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

1 ug/l 

ug/l 

ug/l 

ug/l 

00 ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/i 

ug/l 

ug/l 

ug/l 

Dats / Time 

18-May-07 17:45 

18-lVlay-07 17:49 

18-May-07 17:49 

1S-Ivlay-07 17:49 

18-fvlay-07 17:43 

18-May-07 17:49 

18-M3y-07 17:49 

18-Msy-07 17:49 

18-May-07 17:49 

18-May-07 17:49 

1S-Wlay-07 17:49 

18-May-07 17:4S 

18-May-07 17:49 

18-May-07 17:49 

18-May-07 17:49 

18-May-07 17:49 

ia-May-07 17:49 

1 S-May-07 17:49 

18-May-07. 17:49 

18-May-07 17:49 

16-May-07 17:49 

ie-May-07 17:49 

18-May-07 17:49 

IS-May-O? 17:49 

By 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF 

DF . 

DF 

DF 

DF 

DF 

DF 

®, 
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PDC Laboratories, Inc. 
RO. Box-9071-Peoria, lLGlcl2-a071 

\'309) GS2-;95G8 • (300) 7,52-i;6S.] '• PAX (309) f592-.9B89 

s ^ 
. ^ . • ^ . • . ' . ' ° ' ' ? ^ . 

% 

"̂̂ ^̂ mmm: 

•Bodine Environ.Tiental Sen-'icss 
•5350 East .'̂ irehouse Road 

Decatur, L 32521 

Date Received; 

Dale Rsportec 
•:5-iVlay-07 

iO-Mav-07 

/Attn: Stephen Nussbaum 

^enified bv; 
Lisa Grant, Project Manager 

PDC Labor.3tories participates in the following labcrstcry acoreditation/cenification and prorlciency programs, ^endorsement w the Federal 
or State Government or thsir acsncies.is no: implied. 

NELAC Accreditation for Drinking Water, Wastewater, Hazardous and Soild Wastes Fields of Test:i-,," through iL EPA Lat No. 100229 

Stste of Illinois Eacteriolcgjcal .Analysis in DrinKlnc Water Certified Lab Registry No. 17533 

Drinking Water Certifications: Indiana (C-IL-04); Kansas (E-1033S); Kentucky (90058); ,Wlssouri (00870); Wisconsin (998294430) 

Wastewater Certifications: Arkansas; Iowa (240); Kansas (E-10358); Wisconsin (99829443 

Hazardous/Solid Waste Csrtificaticr.s: ArKansas; Kansas (E-10333); Wlsconsir. (998294430) 

UST Certification: Iowa (2^0) 

This Report shall .-iot be reproduced, except in full, withou-, the written approval of the laboratory'. 
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Transfer Pump Calculations 
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Memorandum 
;•; l i l ' j iniernauonal Sp^^ciaiists 11": the Hrivironme.n; 

Date: April 12, 2007 

To: Beloit Corporation 30% Design Report 

Prepared by: Tom Campbell. P.E. 

Checked by: Neil Brown, P.E. 

Subject: Discharge Pipe and Transfer Pump Sizing 

Objective 

The objective of this rechnical memorandum is to verif}' that the size of the existing effiueni 
discharge line is sufficient to suppoii the increase in flow associated with the addition of tlvee 
new gi-oundwater extraction wells. Additionally, the size of the existing transfer pump was 
evaluated to ensure that it has the necessary capacit}-. 

Background 

The cun'ent remedy at the Beloit Coiporation site includes four groundwater extraction wells 
operating with five pumps. It has been proposed that tliree additional extraction wells be 
added to the existing system to address the source area portion of the groundwater 
contaminant plume. Tlie existing groundwater extraction system focuses on the eage of the 
plume by using the existing down gi-adient extraction wells. The extracted groundwater is 
treated via air stripping and discharged under a National Pollutant Discharge Elimination 
System (>1PDES) permit to the Rock PJver via the effluent discharge line. 

Discussion 

Determining Gravify Flow tlirniigh tlie Pipe 

When possible, pipe diameter would be sized in accordance with the calculations outlined in 
the following section (Detennining Pioe Size]. However, the effluent pipe is alread> in place 
and the following calculations were performed to ensure that the existing pipe is of sufficient 
diameter to handle the volume of effluent. Using iVIanning's flow equation, the pipe was first 
checked to see if it could drain relvinc on just OTaviU' flow. 



,, 1.486'i?°'"-5"°' ^ . , , 
V = (Equation 1) 

Where V is the average flow velocit}'. R is the hydraulic radius in feet, and S is the pipe slope 
expressed in feet per foot. Manning's flow coefficient, n, is 0.010 for plastic pipe. The 
hydraulic radius is equal to the fullness factor multiplied by the pipe inside diameter in feet. 
Once the velocit)' is obtained the flow rate can be calculated with the equation: 

0 = U 9 - V - A - d ' (Equation2) 

A is the area factor obtained fi'om the fijllness factor table. 

The effluent pipe is constructed of approximately 1,900 feet of Schedule 40 polyvmyl chloride 
(PVC) pipe. With a pump elevation of 755 ft MSL and a surface water elevation on the Rock 
River of 730 ft MSL, the elevation change would be approximately 25 feet. Assuming gravity 
flow from the treatment building with only pipe friction losses, i.e., no losses due to pipe bends, 
the effluent pipe is capable of draining at a flow rate of 380 gallons per minute (gpm) with a 
velocit)' of 4.27 ft/sec. These calculations are summarized in the attached worksheets. 

Given that the existing air stripper has a treatment capacity of 400 gpm, ahnost the ftill capacity 
of the air stripper discharge could be gravity drained provided the effluent line was a straight 
run of pipe. However, a pump was installed and is used to overcome frictional losses 
associated pipe bends and fittings. 

In order to size the transfer pump, additional calculations were performed. In order to be 
conservative, a flow rate of 410 gpm (110% of the air stripper capacity) was used. 
Additionally, it was assumed that nine 90-degree elbows and eight 45-degree elbows were 
components of the effluent pipeline. Based on the calculations and with an added safet}' factor 
of 2, the design head of the pump must be greater than 107 feet and have a design horsepower 
of equal to or greater than 14. The existing transfer pump has a 15-HP motor capable of 
pumping at a discharge rate of 450 gpm. It was also determined that at a maximum pump flow 
rate of 450 gpm, the pump would exert a pressure of 90 psi on the effluent piping. Six-inch 
Schedule 40 PVC pipe is rated for a working pressure of 180 psi in compliance with both 
ASTM D1785 (pressure pipe) and ASTM D2665 (drain, waste & vent pipe). 

These numbers were arrived at in the following manner. 

Determining Pipe Size 

The calculation used to detemiine pipe size is the continuity equation: Q = A-V (Equation 3) 

WTiere Q equals volumetric flow rate, A is the area of the pipe based on intemal diameter, and 
V is the velocit}' of the water (Munson 1990). Flow rate is known from the manufacturer's 
pump data or design calculations, and the inner diameter of the piping material can be obtained 
from plastic pipe manufacturers' literature (Indelco 2003, Plastic Pipe Institute 2000, Harvel 
Plastics 2005, ISCO 2005). Piping diameter should be selected so that the velocit}' is gi-eater 
than 4 feet per second (Ten State Standards 1990) and less than 10 feet per second (Plastic Pipe 
Institute 2000). A standard target is 7 feet per second (US ACE 1999). If solids are present in 



the flow then a velocit}' of less than 4 feet per second should be avoided to prevent solids from 
settling on the bottom of the pipe and hindering flow. 

Data supplied b_v the pump manufacmrer. show that the transfer ptimp discharge poit has a 
maximum flow rate of 450 g|3m. The six inch schedule 40 pipe has an inner diameter of 6.03 1 
inches. The velocity through the pipe has been calculated to be approximately 5 feet per 
second at maximum flow. In order to get a velocit}' above 7 feet per second, the pipe diameter 
would need to be 5 inches in diameter which is a nonstandard size. 

DeTermining Head Loss 

The calculation used to determine head loss is Bernoulli's eqtiation which is made up of 
velocit}" head, pressure head, elevation head, and head losses: 

f'Eauation 4') ^P^_ 
D 

V: 

.' a 

P, 

O 
^ z. 4 - / / 

Wliere V is velocit}', g is the acceleration due to gravit}'. P is presstire. p is the densit}' of water, 
Z is elevation, and hL is head loss (Hwang 1987). Head losses are made up of friction losses 
and losses dtie to constrictions, expansions, fittings. Joints, and pipe bends. For our scenario, 
the change in velocit}' over any section of pipe is negligible so the equation becomes; 

D p (Equation 5) 

p p ' ' ' ' '̂  

The change in pressure head is eqiiai to the change in elevation head plus head losses. The 
change in elevation head may be positive or negative dependuig on whether the piping is 
mnning uphill or downliill. The change in elevation for the piping system was determined 
from a topographic map of the site. As stated previously, the elevation change from the ISCA 
pump-and-treat building to the Rock River is appro>dmately 25 fee : L . 

The calculation used to determine head loss dtie to friction was the Darcy-Weisbach formula: 

/;. := '•— (Eauation 6) 
2 - D - g • . ' 

Where f is the Mood}' friction factor. L is the length of pipe. V is the velocit}' of water in the 
pipe. D is the pipe inner diameter, and g is the acceleration due to gravit}' (Hwang 1987). The 
above equation may be used for an} ftilly-deveioped, steady. Incompressible pipe flow. 

The Mood}' friction factor \vas detennined by the equation: 

I 32^ D-V 
where Re = (Equation 7) e 5 74 

^ -3.7 D Re"" 



The symbol e is the specific roughness of the pipe material, Re is the Reynolds number, and v 
Is the kinematic viscosity of water. The specific roughness was modeled at 0.01 (PPI 2005) 
and the kinematic viscosity for water at 50 degrees Fahrenlielt, 1.41x10"' ft-Zsec, was used. 

The calculated head loss, hf, gives the loss per 100 feet of piping. Head losses due to pipe 
fittings were modeled using equivalent lengths. The actual length of pipe along with the 
equivalent length of pipe were summed and divided by 100 to give the total length of pipe to be 
multiplied by the head loss, hf, as calculated using the Darcy-Weisbach formula. 

Since the transfer pump has water gravity fed by piping directly into the pump there is no 
suction head. A pipe that has to "pull'" water up from a lower elevation would have a suction 
head associated with it. There Is also no drawdown to consider as there would be with an 
extraction well pump since the water entering the pump can be considered to always be at the 
same elevation. However, elevation head from the site topography does play a factor as was 
discussed in the gravity flow calculations above. An elevation head of-25 feet is present. A 
total head, hx, is calculated by adding together all friction head and elevation head values. 
These calculations are summarized in the attached worksheets. 

Determining Pump Motor Size 

The pump motor cuirently installed at the P&T building is 15 horsepower (Hp). Based on 
spreadsheet calculations, a 14 HP motor is needed to pump water to the outfall location at 450 
gallons per minute. The equation used to detennine required horsepower Is: 

O • SGf, „ • HJ-
HP = ^ !1£ L_ (Equations) 

3956- Efficiency 

The specific gravity of water is 1.0, and the efficiency used was 85 percent. 

Determining Pipe Pressure Rating 

Pressure in the pipe was calculated using the following equation; 

„ p • (Pump head + elevation head + head loss) ,^ 
P = ̂ -^ (Equation 9) 

144 
The pump head Is detennined by taking Equation 8 and solving for Hj This gives the exact 
head supplied by the selected pump, which usually does not supply exactly the same HP as the 
design HP. The same friction head and elevation head values calculated for the piping network 
are used. The values are all summed and multiplied by the density of water to determine the 
pressure within the pipe. Pressure in the pipe was calculated as 90 pounds per squai'e inch (psi) 
with an added safet}' factor of 25%. These calculations are summarized In the attached 
worksheet. 

Conclusion 



The effluent discharge piping and pump motor is sized coirectly for discharge to the Rock 
River. Schedule 40. 6-inch PVC pipe is pressure rated for a maximum internal working 
pressure of 180 psi (Harvel Plastics 2007). 
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Worksheet for determining Gravity Flow conditions through the Beloit Effluent Pipe 

Pipe consists of a 6-inch Schedule 40 Polyvinyl Chloride (PVC) pipe. 

Known 
Inner Diameter (d) • 

Length = 
Elevation change to MH = 

Calculated 

6.031 inches 
1,900 feet 

25 feet 

Equations 

Gravity Flow through Pipes 

V = 

R 

1.486 oR 0.667 s 0.5 

n 

f . d 
V = Average flow velocity, ft/sec 
R = hydraulic radius, feet 
S = Slope of pipe, feet per foot 
n = IVlanning's flow coefficient, 0.010 
f = Fullness factor from table 
d = Inside diameter, feet 

Q = volumetric flow rate, gpm 
A = Area factor from fullness factor table 

Fullness Factors 
h/d f 

0.05 
0.10 
0.15 

0.20 
0.25 
0.30 

0.35 
0.04 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 

0.75 
0.80 
0.85 

0.90 
0.95 

1.00 

A 
0.0326 
0.0636 
0.0929 
0.1206 
0.1466 
0.1710 
0.1935 

0.2143 
0.2331 

0.2500 
0.2649 
0.2776 

0.2881 
0.2962 
0.3017 

0.3042 
0.3033 
0.2980 
0.2864 

0.2500 

0.0147 
0.0409 
0.0739 

0.1118 
0.1535 
0.1982 
0.2450 
0.2934 
0.3428 
0.3927 
0.4426 
0.4920 
0.5404 

0.5872 
0.6319 
0.6736 
0.7115 
0.7445 
0:7707 
0.7854 



C q i i s l a n l s , V;ir iat) lGs, d n d A s s i i i n p t i o j i s 

Bo lo i t C o f p o r a t i o n : C a l r u l a t i u i i s for Trai iGfor Pn i r ip Mo to r S i z i ng 

p - 'VZ.AZQ I t ) in / i r3 

V (OJ r>()T ^ 1.-IIE-05 U-^2l^er. 

e = 0.01 t( 

g = 32 17̂ 1 }[!se<:'2 

SG o( •fjfi\er- I 

n ^ 3 1-1 15927 

p = <leii?;ity 

V - kitit?iiialtc: viFC'.isity 

Q = spti ' i f ic. rnugl iness 

g - ginvj lv 

SG " specific (jryvity 

11 - pi 

i '^e-Reyi ioki 's Muinhei 

f = M.jO'ly l " i i f : l ionFnr lo 

gpiii^gnllOMs i-Gi miiiutr; 

Q-^M.r<iiniiiH f"kiw Raid 

i r ' ^ i i i ne i n p n l)iainnlOi-

A - ln j i e [ C.JOGS Secl ioi ia l A iea (j[ Pi[)0 

V-PhiK l V-i-locity 

gs -b i l l ow g ioun i l sii i face 

! - l= i io iov Icis? Miie IQ [l i ' . i iui i 

•-il.Ki loc^l nf \^\\^e 

i,-Ar:lii;.il |.<;n.7lhnf [ '[po 

..-Riiuivi lai i t i.encjtii of Pip-3 Titi ings 

|-- l i r ! : i i l Loss f j i ie lo Pip^ Pii.-Jk^ii 

Ass i impl inns 

I - 5 0 T 

futb i i iant Fiow 

Tab le 1: Ca l cu la t i ons 

We l l M iu i i he i or 

I o c a l i o n 

Un i ts 

Eciualii j i i 

EtflLienl Pifie 

(or F low thiOLigh E f i l ue i i t Pipe a n d T ia i i s f e r 

r | . )m 

GPM 

•Ml") 

F low 

ft ' ' ;sec 

(.1 

1I.90II.1? 

Pipe n n s f i i i p t i n n 

6 i , i , : l i 5 ' ;he , l i i lo l ( ) 

PVC 

P i i t i i p S iz iny 

l i i s i f l e 

n i n i ne to r o i 

P ipe 

reel 

in 

o.5ii : i 

I ns ide nrea of 

P ipe 

feet^ 

A=n- ( l | ) /2 )» i ! 

0. 1VI 

weioci ly 

foet /soc 

v=o;.'\ 

••1 il-l l.53il iR 

Revnol i lM 

Mninhe i 

un i t l oss 

R H = I I ) V / V 

1 7h lF. in i? 

Moody l i i r . t i on 

fac to i 

un i t less 

l=I.L12.'"j/|ln('3« 

7 l | l i 5 . 7 . | /Ro " " ) ] 

().{)-t8':i 

EnPKjy l o s s f i o n i 

f i icl i ,?!) in too I'r^et 

o( p i pe 

feet 

h l - ( r L 'Vn : ) . ' ( 2 ' l l . ) ' 

0) 

:i GO 

l .e i iq lh o l Pi | ie 

feet 

I r 

1 aon 

Etj i i i ' - 'a lu id 

tGi iy l l l o i 

f i l l i n g s 

.J'iii 

1 ,. 

2 i r i 

We l l MiMfihor or 

[ .ocat io i i 

EqLmlfon 

Ef f lue i i lP ipe 

l loncl I.OSS 

d i t e to 

r i ic t io i i ill 

W l 
feet feet b g s 

Stat ic W a t ^ i Lev t i ! 

i l l wn i i 

feet b g s 

P t i i np i t i g 

feot b g s 

E lova l i nn 

Gni l) 

f ec i 

l i r = h i > h2 

• i | i 3 i F M 

h t i F M hi 

5 3 CA) 

Sri fc ly Fnctor 

A<l . lc i l 
Dc t i ig i i l l i i a t l 

l l o i s e p o v ; e i 

f tK |n i i ed for 

p u m p 

HP 

I I P = ( ( h | - Q | i n 

G I ' M l • S i " i / 

3 9 W ) / 85;; , 

l- l. l i i i 

Des ign 

l l o r s e p o w e i 

H o r s e p o w e r 

IE 01) 

Tab le 2: Er ju iva lont L e i i g l i i C a l c u L i l i o n s for El i l i iGi i t l^j 

F i t t i ng Type 

90 rlegree GNIGW 

'15 f legrce el l tow 

F I f h i e i i l 

L ino (B- i i ich 

PVC) 

lan 

8 1) 

Mo. 

9 

8 

£ ' i ivaleni Leny l l i 
lf-"ei) 

i B j n f j 

fi-I.OO 

F i t t i ngs (oqMiv.Tlf?iit long His foi- onc l i f i t t i ng WLM o n p i i i o x i m a t c d n s i n g r i ic in iopl .Tst i f : p ip i ) i g t . t l i ics |<i ov i r tod l iy I JEirriiiglvMi i i x i i i s l i i ^ l 

P las t i cs , Ir. i : . .Jarinrtiy 199(1 EMginnDnng i lnn(il)r>-)h) 



Calculated Pressure, Pj, Exerted within Effluent Piping 

Equation 1; Total Head 

HP X 3956 X Eff . 
h. 

Q ^ SG H -. 0 

Calculated heaij for 15-HP pump at 450 gpm (EQ. 1)= 112.09 feet 
Using: 

Horsepower (HP) = 15 
Efficiency (EfO= 85 % 

Flowrate (Q) = 450 gpm 
Specific Gravity of H20 (SG) = 1.0 

Equation 2: Friction, Darcy-Weisbach Formula 

o 

hf = 
f - L - v 

2 - D - g 
Calculated friction within the effluent piping (EQ. 2) = 

Using: 
Friction Loss calculated in Table 1 using Equation 2. 

Table 3: Pressure Exerted within Effluent Piping 

78 feet 

Location 

Effluent Pipe 

Elevation 
zl 

755 

Elevation 
z2 

730 

delta z 
Z{ft) 
-25 

Total Head 
ft 

112 

Hf 

ft 
78 

delta P 
psi 

72 

PT 

psi 
72 

FS = 1.25 
psi 

90 

6-inch Schedule 40 PVC pipe maximum worl<ing pressure*= 180 psi 
*Harvel Plastics, Inc. (2007) accessed on the Web at http;//vwiw.harvel.com/tech-specs-pvc-pipe-40.asp 

http://harvel.com/tech-specs-pvc-pipe-40
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^1 Inic-rnnuonal Soc-cialisls in ihs fHnvironineni 

TECHNICAL MEMORANDUM 

Date: Apnl 12,2007 

Revised: October 17. 2007 

To: Project File 

Prepared by: Neil J. Brown, P.E. 

Checked By: Tom Campbell, P.E. 

Subject: Mass Balance Calculations for Expansion of Existing Groundwater Extraction 

and Treatment System - Former Beloit Corporation (Blaclchavvk Facility) 
Rockton, Illinois 

The puipose of this Technical Memorandum (TM) is to present the calculations and data associ
ated with the justification that the existing groundwater treatment plant at the above-referenced 
site is capable of meeting its National Pollutant Discharge Elimination System (NPDES) penrut 
requirements once three new groundwater extraction wells are constructed and placed into 
operation. Additionally, air discharge calculations associated with an increase in atmospheric 
loadings were also performed. 

Background 
The former Beloit Coiporation's Blackhawk facility (the site) is located in Rockton Township in 
north-central Illinois. This National Priorities List (NPL) site occupies part of the northein half 
of Section 13 and the southwest quadrant of Section 12, T46N, RIE, Winnebago County, Illi
nois. 

The Final Record of Decision (ROD) for the site was signed September 2004. The selected 
remedial action contained in the ROD is a final, sitewide remedy that addresses the groundwater 
and soil contamination at the site. The ROD specifies that the primary remedy for the site is the 
existing pump-and-treat system, which is to be augmented by chemical oxidation of groundwater 
and soil in the Erection Bay source area, and the installation of additional extraction wells, as 
necessary. 

Based on the findings of a Source Area Investigation (SAI) performed by Ecology and Environ
ment, Inc. (E & E), it was determined that the source area is approximately five times larger than 
the source area delineated in the Remedial Investigation and evaluated in the Feasibility Study 
report. (The SAI defined source areas as areas where groundwater total volatile organic com
pound (VOC) concentrations are approximately 500 micrograms per liter [|.Lg/L] or more.) 
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Based on the findings of the SAI, the Illinois Environmental Protection Agency (Illinois EPA) 
subsequently tasked Ecology and Environment Engineering, Inc. (EEEI) to develop plans and 
specifications for expanding the existing pump-and-treat system by installing three new ground
water extraction wells. 

Mass Balance Caicuiations 
The cuiTent pump-and-treat system relies on an air stripper to remove VOCs from the aqueous 
influent stream. The stripped VOCs are subsequently discharged to the atmosphere. The air 
stripper is rated to handle an influent stream of 400 gallons per minute (gpm). Currently, 
groundwater is extracted and processed through the system at a rate of 170 gpm. In theory, the 
existing system has the capacity for expansion. 

In order to determine whether the existing pump-and-treat system has the capacity to effectively 
remove the additional loading associated with the three new extraction wells, it is necessary to 
perform mass balance calculations. The NPDES permit (Permit #IL0064564) for the site has 
established 30-day average and maximum daily discharge criteria for the following chlorinated 
VOCs; 

• 1,1,1-TiichIoroethane (22 |.ig/L monthly average and 59 )J.g/L daily maximum); 
• 1,1-Dichloroethene (22 j-ig/L monthly average and 59 |j,g/L daily maximum); 
• i,2-Dichloroethane (25 |ag/L monthly average and 66 daily |ag/L maximum); 
• Tetrachloroethene (52 ]Ug/L monthly average and 164 ug/L daily maximum); 
• Trichloroethene (26 |ig/L monthly average and 69 \xgfL daily maximum); 
• 1,1-Dichloroethene (22 |.ig/L monthly average and 59 jag/L daily maximum); and 
o Total 1,2-Dichloroethene (180 |.ig/L monthly average and 574 ,ug/L daily maximum). 

For total 1,2-dichloroethene, the analytical results provided to EEEI presents data as cis 1,2-
dichloroethene and trans 1,2-dichloroethene. Mass balance calculations have been performed for 
both cis and trans and these individual values were then subsequently added together to obtain 
information for total 1,2-dichloroethene. 

Once the (Contaminants have been selected, it is necessary to determine the removal efficiency of 
the existing system with regard to each contaminant. Influent and effluent data for the treatment 
system was used (influent and effluent data is presented as Attachments 1 and 2, Tables Bl and 
B2. It should be noted that concentrations for much of the influent and effluent data were 
repotted as not detected, and the detection limit was stated (e.g., < 5 |i.g/L). In these instances 
and to be conservative, a value of one-half the detection limit was used in the calculations. 
Where one-half the detection limit was used, the concentrations are italicized in Tables Bl and 
B2. Additionally, there was a total of only 6 influent samples (EWC-extraction wells combined 
collected and analyzed over the course of three years of operation. 

Using the data from 2004, 2005, and 2006, the yearly average, maximum, and minimum concen
trations for each contaminant were determined (see Tables 1 and 2). Using the average influent 
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and effluent concentrations for a contaminant, the pump-and-treat removal efficiency was 
calculated using the following equation: 

Removal Efficiency = 100 x (C,ni-Ceff)/C|nf Where: C,nf - Infltient Concentration 
Ceff = Effluent Concentration 

This calculation was performed on a yearly basis for each contaminant. A summary of the 
results is presented in Table 3. While flow is a major component of this calculation, it was not 
incorporated in this set of calculations. Based on operational data for the treatment system, 
influent and effluent flovv rates were consistently reported at 170 gpm. Given this steady-state 
condition, flovi/ data was not needed. 

It should be noted that for Ll-dichloroethane, 1,2-dichloroethane, and trans 1,2-dichloroethene, 
analytical results for all infltient and effluent samples were non-detect. If removal efficiencies 
were to be calculated for these compounds, the value would be based solely on method detection 
limits. Therefore, their removal efficiencies were not calculated. Additionally, the dala for 2006 
also did not detect cis 1,2-dichloroethene, 1,1,1-trichloroethene, or 1,1-dichloroethene in the 
either the influent or effluent data, so no removal efficiencies were calculated. Similarly, a 
removal efficiency for 1,1-dichloroethene was not calculated for the 2004 year of operation. 

In order to determine whether the existing treatment system has sufficient capacity, it is neces
sary to detemune the increase in flow and the contaminant concentration associated with it. As 
part of the 30% remedial design effort. EEEI used FLOWPATH II (Version 1.1), developed by 
Waterloo Hydrogeologic Inc., to model the source area. Based on the model results, it was 
determined that three additional groundwater extraction wells (EW05, EW06, and EW07) are 
needed to address source area contamination. Target pumping rates for the additional extraction 
wells are as follows; 

• EW05 - 14 gpm; 
• EW06 - 14 gpm; and 
• EW07 - 14 gpm. 

Using data from the SAI, the contaminant concentradon for each new extraction well was 
estimated. Table 4 provides a summary of the-infltient concentrations for each new extraction 
well, as well as the sampling location source that was used to predict the influent concentration. 

Once the existing removal efficiencies, and new influent flow and associated contaminant 
concentrations were developed, mass balance calculations were performed. 

The mass balance calculations include a series of individual calculations whereby the mass of an 
individual contaminant for an individual stream is determined. By summing the individual mass 
values and the total flow (existing flow plus new flow), a total mass load as well as a new 
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infltient concentration is determined. The new resulting effluent concentration is calculated as 
follows: 

Ceff = i - (Removal Efficiency x C,nf) Where: C,nf = Influent Concentration 
Ceff = Effluent Concentration 

Two sets of mass balance calculations for each contaminant were peiformed. Given that the 
initial mass loading (i.e., the cun'ent system operation) varies, this variation can cause changes in 
the effluent concentration. Therefore, in order to be conservative, for the first set of calculations, 
the maximum detected influent contaminant concentration and the lowest calculated yearly 
removal efficiency was used. The second set of calculations use the average influent concentra
tion for the contaminants and the lowest calculated removal efficiency. 

For those contaminants (1,1-dichloroethane, 1,2-dichloroethane, trans 1,2-dichloroethene) that 
did not have a removal efficiency deteimined or which had limited data (1,1-dichloroethene and 
cis 1,2-dichoroethene), the average VOC removal efficiency was used. 

Table 5 provides a summary of the individual influent and effluent calculations. The NPDES 
permit limits are also provided in the table. Appendix 3 provides the mass balance calculations 
(maximum and average) for each individual contaminant. 

The results show that the existing pump-and-treat system has the capacity to accept the increase 
in flow and contaminant loading associated with the installation of the three new groundwater 
extraction wells. 

In addition to performing mass balance calculations associated with aqueous effluent discharge, 
potential air discharge calculations were also performed. In developing a worst-case scenario, it 
was assumed that all of the contaminants would be stripped from the influent and discharged to 
the atmosphere. Under this assumption, it was detennined that approximately 503 pounds (i.e., 
0.251 tons) of VOCs would be discharged on a yearly basis. Table 6 provides a summary of the 
worst-case air discharge. 

Conclusion 
Based on the mass balance calculations performed, the existing pump-and-treat system at the 
Beloit site has the capacity to accept an increase in flow of approximately 42 gpm, as well as to 
keep meeting the exisUng NPDES permit limits associated with chlorinated VOCs, provided the 
system is properly maintained and operated. 

05:BeloitTM Mass Balance Rev l.doc-10/19/2007 



Table 1 Statistical Summary of Influent (EWC) Data 
Former Beloit Corporat ion -Blackhawk Facility 
Rockton, I l l inois 

.Concentration 1,1-DCA. 1,2-DCA 1,1-DCE 
Chemical of-Concern 

cis 1,2-DCE . trans 1,2-DCE 1,1,1-TCA 

Note: .All cunceiilratiomi are in iiiicroi^raiiis per luei 

Total VOCS 
, : w - • ] • : : • . • • . - ' • • ' r : : 

Average 

Maximum 

Minimum 
. / T " " • ;-if*:^!-'""• •'"• • " 

Avei'uge 

Maximum 
Minimum 
i : - . ; 5 . • • : • • , : : - : = • • • : ; - _ ^ ^ ^ , 

Average 

Maximum 

Minimum 
: \ ^ r i •.:::;.. . ' v " ^^.-:.• '̂̂  • • • 

Average 
Maximum 
Minimum 

r - - . : • - ; i - : • : 

ND 

ND 

ND 

ND 

ND 
ND 

• ' • ' ' • ' . , ^ ' ' ' ' ' ' . ' . . : ' ' : : : - ' • • • • 

ND 

ND 

ND 
• ' ' • ' ~ . 

ND 

ND 
ND 

: . - . - , . . • • . : • • - • • . - v . . 

ND 

ND 

ND 
" : • • : • . : • : • • ; • . • • • : • 

ND 

ND 
ND 

ND 

ND 

ND 
:--J-- __-J}' '- •"•- " . 

ND 

ND 
ND 

ND 

ND 
ND 

2004 (3 Sampling Rounds) 

1.26 

2.54 

0.25 

ND 

ND 
ND 

10.16 

18.40 
2.20 

:;~' ; ' 2005 (2 sampling Rbiiiids) 

0.70 

i.OO 

0.39 

0.78 
1.00 

0.55 

:::^''";;::i-'''"--;2(M)6(l Sami 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 
ND 

12.00 

23.00 
1.00 

1.51 

2.79 

0.75 

2.20 

3.40 
1.00 

2.3 t 

5.33 
0.59 

1.90 

2.SO 
1.00 

16.08 

30.06 

4.29 

' " " • ' ' ^ : " ' : " ' " 

18.20 

30.39 
6.00 

jliirtg Round) | 

ND 

ND 
ND 

130.00 

130.00 

130.00 

t o t a l s foir 2004 tlirougli2006 (6 SamplingRouiuls) 

0.70 

1.00 
0.39 

1.02 

2.54 
0.25 

ND 

ND 
ND 

50.72 

130.00 
1.00 

ND 

ND 

ND 

1.86 

3.40 
0.75 

2.50 

2.50 
2.50 

- . - : ; • 

2.24 

5.33 
0.59 

142.50 
142.50 

142.50 

58.92 

147.50 
5.30 



Table 2 Statistical Summary of Effluent Data 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

Chemical of Concern 

Concentration 
_;;jV-;^??:-^;; '3. ;:r: 

Average 

Maximum 

Minimum 
-_ ;,;;., • - ' i - ' - m " ' 

Average 

Maximum 
Minimum 

Average 

Maximum 
Minimum 

Average 

Maximum 
Minimum 

1,1-DCA 
jga;:;;.. •"'-';»If;':*-i-; 

ND 
ND 

ND 

"•.''"f::.:£7::ff 
ND 

ND 
ND 

'•f. '-- ' : • « " 

ND 

ND 

ND 

ND 

ND 
ND 

1,2-DCA 
i -a s . :~sFp-" : ?•',;: •:;;'••••:;; 

ND 

ND 

ND 

"' ' ' 'f}fif' ' ' '̂ .2 
ND 

ND 
ND 

'"•'::' • f^fi''': J 
ND 

ND 

ND 

^ 

ND 

ND 
ND 

1,1-DCE 
.•'•• J ' \ : : " • • " - ' . y - ^ } ^ . ' • • • " . ' . • T ' - • ' ^ ^ ' L 

ND 

ND 

ND 
. ; ' • • ' • -^ ' f^ . ' ' . - • v - s x . " - ' . ^ : : -

0.25 

0.25 
0.25 

' S ' " 'y-. \.\.-7i.P 

ND 

ND 

ND 

0.25 

0.25 
0.25 

cis 1,2-DCE trans 1,2-DCE 
: - r •••:••"::7:y:;2qq4:::TM<<.''if^-'f' 

0.31 
1.00 

0.25 

ND 
ND 

ND 

•••••••• : : f f F m 5 ' : w 7 ' ' ' • , , - ; 

0.25 

0.25 
0.25 

ND 

ND 
ND 

•.••::tf2006 i l l 

ND 

ND 

ND 

ND 

ND 
ND 

Totals fplr 2004jtHr-oug(i( 2006 i 

0.28 

i.OO 
0.25 

ND 

ND 
ND 

. P C E 
' • -" ;•" ' • : ' . ' . . . . ^ y n : : : : ' ^ ' 

0.90 

2.10 

0.25 
• -^ . • • > : ; i . ^ , - • 

0.68 

0.96 
0.25 

"Hf 
0.76 

1.20 
0.50 

''%\-'rf"^ f" -.ijC^'f'. 

0.78 

2.50 
0.25 

1,1,1-TCA 
n « l ^ » M . : ^ « . ; ! ^ ! . • • • - - • : - ! • • 

0.28 

1.00 

0.10 
• • • i i v : : - ! . • . . r ; ^ • • ^ ^ ^ i • ^ . • ' • : : ; • ' . • ^ - ' 

0.25 

0.25 
0.25 

f" ' '.'ff-
ND 

ND 

ND 

- • : f : f \ \ . : f f • : ' • ' - •. 

•0.27 

1.00 
0.10 

TCE 
' • O ; . - • ? - ^ r - \ : ^ > - y . ^ -^ i ' : 

0.22 

1.00 

0.10 
• ; . ~ , . . • . . • • . . • . ;^7J | .^ |^ : ,^ ; . . 

0.10 

O.JO 
0.10 

0.50 

0.50 

0.50 

0.27 

2.50 

O.iO 

TotialVOCS 
' " ' • •? ' - ' ' ' t i \ . ' .• ' ^ ' V ;> 

2.96 

8.00 

1.85 

'f"f"\'Kf:7ff•''"•. 
2.26 

2.56 
1.85 

m i f ' - r , : - - ? ' ' • ••:• 

4.26 

4.70 

4.00 

• ; 

3.16 

20.00 
1.90 

Note: All concentrations are in inicrograins per litei 



Table 3 Summary of Removal Efficiencies 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

?^Vear 

Key 

1,1-DCA 1,2-DCA 1,1-DCE 
Chemical of Concern 

cis 1,2-DCE trans 1,2-DCE PCE 1,1,1-TCA Total VOCS 
2004 

2005 

2006 

NC 

NC 
NC 

NC 

NC 
NC 

NC 
64.0% 

NC 

75.3% 
67.7% 

NC 

NC 
NC 

NC 

91.1 % 
94.3% 
99.4% 

81.2% 

88.6';;. 

NC 

90.6% 
94.7%. 

80.0% 

Three Year Average: 

81.6% 
87.6% 

97.0'}f. 

88.7% 

ND = Noi Deiecied. 

1,1-DCA = 1,1-Dicliloioetliane. 

1,2-DCA = 1,2-DiLliloroetliane. 

. 1,1-DCE = 1,1-Dicliloioeihene. 

cis 1,2-DCE = cis 1,2-Dicliloioetliene. 

trails J,2-DCE = ivdt-is 1,2-Dicliloioellieiie. 

PCE = Teuacliloroeihene. 

1,1,1-TCA = l,l,l-'rriclilomeiliane. 

TCE = Trichloroethene. 

VOCs = Volatile Organic Ci)mpounds. 

NC=NoiCalculaled. 



Table 4 Summary of Influent Concentration Data for New Extraction Wells 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

IVlbnitbriridWdil [ ^ I GW07 I GW08 
Chemical/New Extraction Well EW05 EW06 EW07 

1,1,1 -Trichloroethane 

1,1-Dichloroethane 

1,2-Dichloroethane 

Telrachloroethene 

Trichloroethene 

1,1-Dichloroethene 

cis 1,2-dichloroethene • 

trans 1,2-dichloroethene 

J 

5 

5 

1,600 

52 

5 

1200 

23 

10 

1.6 

0 5 

2300 

58 
2 

270 

4.6 

11 

1 

1 

880 

5.2 

/ 

8.9 

0.1 

Note: All concentrations are in micrograms per liter, and italic 

values are one half the method detection limit. 



Table 5 Summary Existing and Future Influent and Effluent Concentrations 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

Chemical 

Influent I Effluent | NPDES Limits 
Existing Future Existing Future 30-Day Daily 

Average I Maximum Average I Maximum Average | Maximum I Average | Maximum | Average Maximum 
1,1,1-Trtchioiocthaiie 
1,1-Diclilomelhanc 

1,2-Dichloroethane 

Tetiachloioeiheiie 
Triciiioioethene 
1,1-Diciiloroethene 

cis 1,2-diciilofoetiiene 
trans 1,2-diciiloroetiiene 

total l,2-(iichloroetiiene 

1.9 

ND 
ND 

50.7 
2.2 

0.7 
1.0 

ND 

1.0 

3.4 

ND 
ND 

130.0 

5.3 
1.0 
2.5 
ND 

2.5 

3.3 

0.6 

0.5 

380.1 
10.0 

1.1 
109.3 
2.0 

111.4 

110.5 

0.6 

0.5 

442.5 

12.5 
1.4 

110.5 
2.0 

112.6 

0.3 
ND 

ND 

0.8 

0.3 
0.3 
0.3 
ND 

0.3 

1.0 

ND 

ND 

2.'5 

2.5 
0.3 

1.0 
ND 
1.0 

0.6 

0.1 

0.1 
33.7 

2.0 
0.1 

12.3 
0.2 

12.6 

0.8 

0.1 

0.1 

39.2 

2.5 
0.2 

12.5 
0.2 
12.7 

1 1 

22 

180 

52 

26 
22 

NE 
NE 
25 

59 

59 

574 

164 

69 

60 
NE 
NE 
66 

Note: .All concentrations are in microi^rams per liter. 
KEY 

NPDES = National Discharge Permit Elitniaale .System. 
ND = Not Delected. 
NE = Not established. 



Table 6 Summary of Air Discharge (Worse Case Scenario) 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

Chemicial: jig/day | lbs/day J Jbs/year | tons/year 

1,1,1-Trichloroethane 
1,1-Dichloroethane 
1,2-Dichlofoethane 
Tetrachloroethene 
Trichloroethene 
1,1-Dichloroethene 
cis 1,2-dichloroethene 
trans 1,2-dichloroethene 

Total VOCs: 

5,292,944 
648,598 
558,666 

519.574,520 
14,624,180 
1,604,840 

129.795,220 
2,390,000 

674,488,968 

0.01 
0.00 
0.00 
1.14 
0.03 
0.00 
0.29 
0.01 
1.49 

4.27 
0.52 
0.45 
419 

11.79 
1.29 

104.64 
1.93 
544 

0.002 
0.000 
0.000 
0.209 
0.006 
0.001 
0.052 
0.001 
0.272 

KEY 
|Ltg/day = Micrograms per day. 
lbs/day = Pounds per day. 

lbs/year = Pounds per year. 
VOCs = Volatile Organic Compounds. 



Attachment 1 

Influent Data 



Table Bl Summary of Influent (EWC) Data 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

Sample 
. D a t e 
4/14/2004 

10/12/2004 

12/1/2004 

2/24/2005 

5/12/2005 

10/7/2005 

5/17/2006 

9/28/2006 

1/10/2007 

1,1-DCA 
1 

0.5 

1 

1 

0.69 

not sampled 

not sampled 

2.5 

0.5 

1,2-DCA 
7 

0.25 

1 

1 

0.025 

not sampled 

not sainpled 

2.5 

0.5 

1,1-DCE 

1 

0.25 

1 

I 

0.39 

not sampled 

not sampled 

2.5 

0.5 

cis 1,2-DCE trans 1,2-DCE 
1 

0.25 
2.54 

/ 

0.55 

not sampled 

not sampled 

2.5 

0.5 

J 

0 5 

1 

1 

0.25 

not sampled 

not sampled 

2.5 

0 5 

. PCE 
9.88 

2.2 

18.4 

1 

23 

not sainpled 

not sampled 

130 
17 

1,1,1-TCA 
/ 

0.75 

2.79 

1 

3.4 

not sampled 

not sampled 

2.5 
2 

TCE 
/ 

0.59 

5.33 

1 

2.8 

not sampled 

not sampled 

2.5 
2 

Tbtal 
, VOCS 

17 

5 

33 

8 

31 

not sampled 

not sampled 

148 

24 

Note: All concentrations are in micrograms per liter, and values listed in italics were not detected, and 
one half the detection limit was used. 



Attachment 2 

Effluent Data 



Table B2 Summary of Effluent Data 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

;Sai^ple 
bate l i l - bCA 1,2-pCA 1i1-bCE- : CIS T,2:-DCE trans jl:,2-pCEi, 1,1,1^GA 

Total 
VOCS 

11/5/2003 

11/19/2003 

12/3/2003 

12/17/2003 

1/7/2004 

1/21/2004 

2/6/2004 

2/19/2004 

3/3/2004 

3/17/2004 

4/14/2004 " 

4/30/2004 

5/21/2004 

5/29/2004 

6/11/2004 

6/24/2004 

7/9/2004 

7/21/2004 

8/6/2004 

8/20/2004 

9/3/2004 

9/17/2004 

10/1/2004 

10/5/2004 

11/2/2004 
11/16/2004 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

I 
1 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

1 
1 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0 2 5 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

1 

1 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

1 

1 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

. 0.25 

0.25 

0.25 

0.25 

0.25 
1 

I 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

1.6 

1.3 

1.4 

1.1 

1.2 

1.5 

0.67 

0.57 

0.62 

0.25 

/ 

1 

0.25 

0.6 

0.56 

0.77 

0.51 

0.64 

0.56 

0.52 

2.1 

0.7 

1.5 

1.3 

1.3 
1.5 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

1 

I 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.21 

0.22 

O.l 

O.J 

0.1 
0.1 

0 1 

0 1 

0.1 

0.1 

0.1 

0.1 

O.l 

O.l 

0 1 

0.1 

1 

1 
O.l 

0.1 

0.1 

0.1 

0.1 

0.23 

0.1 

0.1 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

3.2 

2.9 

3.0 

2.7 

2.8 

3.1 

2.3 

2.2 

2.2 

1.9 

8.0 

8.0 

1.9 

2.2 

2.2 

2.4 

2.1 

2.4 

2.2 

2.L 

3.8 

2.4 

3.1 

2.9 

2.9 
3.1 



Table B2 Summary of Effluent Data 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

^aiTiple 
^Da te 
12/7/2004 

1,1-DCA 
0.25 

1,2-DCA 
0.25 

1.1-DCE 
0.25 

Cis 1,2-DCE trans 1,2-DCE 
0.25 0.25 0.25 O.l 2.7 

12/21/2004 0.25 0.25 0.25 0.25 0.25 0.87 0.25 O.l 

1/4/2005 0.25 0.25 0.25 0.25 0.25 0.87 0.25 O.l 2.5 

1/18/2005 0.25 0.25 0.25 0.25 0.25 0.25 0.25 O.l 1.9 

2/1/2005 0.25 0.25 0.25 0.25 0.88 0.25 O.l 
2/15/2005 0.25 0.25 0 2 5 0.25 0.25 0.64 0.25 O.l 0 9 

3/8/2005 0.25 0.25 0.25 0.25 0.25 0.58 0.25 O.l •-) 9 

3/22/2005 0 2 5 0.25 0.25 0.25 0.25 0.63 U.25 O.l 9 9 

4/5/2005 0.25 0.25 0.25 0.25 0.25 0.94 0.25 O.l 2.5 
4/19/2005 0.25 0.25 0.25 0.25 0.25 0.96 0.25 O.l 2.6 

5/3/2005 0.25 0.25 0.25 0.25 0.25 0.25 0.25 O.l 1.9 

5/3/2005 0.25 0.25 0.25 0.25 0.25 0.25 0.25 O.l 
5/17/2005 0.25 O.l 0.25 0.25 0.25 0.96 0.25 0./ 2.4 
5/17/2005 0.25 O.l 0.25 0.25 0.25 0.96 0.25 O.l 2.4 

2r5 ^ T ^ i r5 2r5 2rS 2.5 30TO 

4e/|./200§ 2rS 2.5 -3r̂  2rS 2rS 2rS 2-.-5 2.S 204J 
4W4-8/300# 2rS 2rS 2.S 2r5 2 ^ 2rS .̂-̂  30:0 
44^2/3005 2rS 2.5 2r5 2rS 2 ^ 2r5 2r5 2r5 30.0 

11/30/2005 2rS 3 ^ -2r5 2 ^ 2r5 3r5 3.^ 30.0 

45/7/3005 2r5 ^r5 3r5 3r5 3r5 2r5 30r0 

12/21/2005 3r5 3.^ 2r5 2r5 2r5 2r5 2rS 30TO 

L/12/2006 0 5 0 5 0.5 0.5 0.5 0.5 0.5 4.5 
1/26/2006 0.5 0.5 0.5 0.5 0.5 1.2 0.5. 0.5 4.7 
2/8/2006 0.5 0.5 0.5 0.5 0.5 0.5 0.5 4.5 

2/22/2006 0.5 0.5 0.5 0.5 0.5 0.5 0.5 4.5 
3/8/2006 0.5 0.5 0.5 0.5 0.5 0.5 0.5 4.5 



Table B2 Summary of Effluent Data 
Former Beloit Corporation -Blackhawk Facility 
Rockton, Illinois 

'^Sample | 
r:bate 1,1-DCA 1,2-DCA 1,1-DCE cis 1,2-DCE trans li2-DCE 1,1,1-TCA 

Tbtal 
VOCS 

3/17/2006 

4/5/2006 

4/19/2006 

5/10/2006 

5/17/2006 

6/7/2006 

6/21/2006 

10/4/2006 

10/18/2006 

11/1/2006 

11/20/2006 

12/6/2006 

12/20/2006 

0.5 

0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

0 5 

0.5 

0.5 

. 0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

• 0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 5 

0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

1 

1 

1 

1 

0 5 . 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

• 0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0 5 

0.5 

0.5 

•0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4.0 

4.5 

4.5 

4.5 

4.5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Note: All concentrations are in micrograms per liter, data listed in italics were not detected and one half the detection limit was inserted. 
Finally, data with stake throughs were not used in the calculations. 



Attachment 3 

Mass Balance 
Calculations 



M a s s B a l a n c e C a l c u l a t i o n s f o r 1 , 1 - D i c h l o r o e t h a n e ( M a x i m u m I n f l u e n t C o n c e n t r a t i o n ) M a s s B a l a n c e C a l c u l a t i o n s f o r 1 , 1 , 1 - T r i c h l o r o e t h a n e ( M a x i m u m I n f l u e n t C o n c e n t r a t i o n ) 

Bas is : 24-hours Bas is : 24-hours 

L ine Base l ine Mass Load ing 

1 Maximum Delected Influent Concentration: 

2 Exisiing Influent Flow Rale: 

3 Mass Loading-

Removal Etticiency 

ND i ig/L 

244,000 gpd 

0 /.tg or 

0.0 grams 

NC 

S o u r c e 

From Table 1 

From NPDES Permit Reports 

Line 1 x Line 2 x 3.785 lilers per gallon 

Line 3 / 1,000,000 micrograms per gram 

From Table 3 

L ine Base l ine Mass L o a d i n g 
Maximum Detected \nliuenl Concenlraiion: 

Existing Influent Flow Rate: 

Mass Loading: 

Removal Efficiency: 

Source 

3.40 MQ/L F:om Table ) 
244,000 gpd From NPDES Permit Reports 

3,140.036 MO or - Line 1 x Line 2 x 3.785 liters per gallon 
3.1 grams Line 3 / 1,000,000 micrograms per gram 

81.2% From Table 3 

Loading to River: 

Discharge to Air 

0 0 grams per day (1 - Line 5) x Line 4 

0.0 grams per day Line 4 - Line 6 

Loading lo River-

Discharge to Air: 

0 6 grams per day (1 - Lirie 5) x Line 4 

2.5 giarns per day Line 4 - Line 6 

Mass Load ing Assoc ia ted With New Wells 
MW23B 

Mass L o a d i n g A s s o c i a t e d With New Wells 

MW23B 

a 
9 
10 

11 

12 

13 
14 

15 

16 
17 

18 

19 

20 

21 

Design Exiraclion Rate. 

influent Concentration: 

Mass Loading: 
GW07 

Design Extraction Rate: 

Inliuent Concentration: 

Mass Loading: 

GW08 

Design Extraction Rate: 

Inliuent Concentration: 

Mass Loading: 
C o m b i n e d (EW05. EW06 & EW07) 

Overall Extraction Rale: 
Mass Loading. 

16 gpm or 

23,040 gpd 

5 ( ig'L 
436.032 no 

15 gpm or 
21,600 gpd 

1.6 ng/L 

130,810 pg 

15 gpm or 
21,600 gpd 

1 pg/L 

81.756 | ig 

66,240 gpd 
648598 pg 

Design Criteria 

Line 8 X 60 min/hour x 24 hours/day 

From Table 4 

Line 9 x Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 x 60 minyhour x 24 hours/day 
From Table 4 

Line 13 x Line 1 4 x 3 785 liters/gallon 

Design Criteria 

Line 16 X 60 min/hour x 24 hours/day 

From Table 4 

Line 17 X Line 18 x 3.785 liters/gallon 

Line 8 + Line 12 + Line 16 

Line 11 4- Line 15 + Line 19 

9 
ia 
11 

12 

13 

14 

15 

16 

17 

20 

21 

Design Extraction Rate. 

Influent Concentration: 
Mass Loading-

GW07 
Design Extraction Rate: 

Inliuent Concentration: 

Mass Loading: 

GW08 
Design Extraction Rate: 

Influenl Concentration: 

Mass Loading. 

C o m b i n e d fEWOS, EW06 & EW07 

16 gpm or 

23,040 gpd 

5 Mg/L 
436.032 Mg 

15 gpm or 

21,600 gpd 
I O H Q / L 

817,550 ng 

15 gpm or 

21,600 gpd 

11 f ig/L 

899,316 ng 

Overall Extraction Rate: 66,240 

Mass Loading- 2152908 
gpcJ 

Design Criteria 
Line 8 x 60 min/hour x 24 hours/day 

From Table 4 
Line 9 x Line 10 x 3 765 liters/gallon 

DesigfT Criteria 
Line 12 x 60 mm/hour x 24 hours/day 

From Table 4 

Line 13 x Line 1 4 x 3 785 liters/gallon 

Design Criteria 

Line 16 x 60 min/hour x 24 hours/day 

From Table 4 

Line 17 X Line 18 x 3.785 liiers/gallon 

Line 8 + Line l 2 i- Line 16 

Line 11 ^ Line 15 + Line 19 

Overal l Sys tem Wi th New Wel ls 

22 • Inliuent Flow Rate- 310,240 gpd 

23 Inliuent Mass Loading: 648,598 ng or 

24 0.6 grams 

25 Inliuent Concentration 0.6 ^Lg/L 

Line 2 -f Line 20 22 

Line 3 + Line 21 23 

Line 24 / 1,000,000 micrograms per gram 24 

Line 23 / {Line 22 x 3.785 liters/gallon) 25 

Overal l Sys tem Wi th New Wel ls 

Inliuent Flow Rate-

Influent Mass Loading-

Influent Concentration: 

310,240 gpd Line 2 + Line 20 

5,292,944 Mg or Line 3 + Line 21 

5 3 grams Line 24 / 1,000,000 rnicrograms per gram 

4.5 MQ/L Line 23 / (Line 22 x 3 785 liters/gallon) 

26 Remova] E/ficie.ncy: 3.7% From Table 3 (Average VOC Removal Eff.) 26 Removal Eti idency: 81 .2% From Table 3 

27 
28 
29 

Loading to River 
ElMueni Concentration: 

Discharge to Air: 

0.1 grams per day Line 24 x {1 - Line 26) 27 

0.1 ug/ l- Line 2 3 / (Line 22 x 3.785 liters per gallon) 28 
0.6 grams per day Line 24 - Line 27 29 

Loading to River: 
Effluent Concentration: 

Discharge to Air: 

1 0 grams per day Line 24 x (1 - Line 26) 
0 8 f ig/L Line 23 / (Line 22 x 3.785 liters per gallon) 
4 3 grams per day Line 24 - Line 27 

file:///nliuenl


Mass Balance Ca'cuiations for },2-Dichloroethane (Maximum Influent Concentration) 

Bas is : 24 'hours 

Line Base l ine Mass L o a d i n g 
1 Maximum Dole'^'ed Influent Concsniration-
2 Existing Inliuent Flow Rale-

3 Mass Loading: 

4 

Removal Elliciency 

Loading to River-

Discharge 10 Air 

Source 

ND .ug/L From Table 1 

244.000 gpd From NPDES Permit Reports 

0 }iy or Line I x Line 2 x 3.785 liters per galloii 

0.0 grams Line 3 / 1,000,000 micrograms per gram 

NC From Table 3 

0.0 grai nti per day (1 • Line 5) x Line 4 
0.0 giarns per day Line 4 - Lir-ie 6 

Mass Balance Ca\cu\ai\or\s ior c\s 1,2-Dichlofoethene (Maximum Influent Concentration) 

Basis: 24-hours 

Line Basel ine Mass L o a d i n g 
1 Maxi ini im Delected Influent Concenlrai ion 

2 Existing Inllutsnt Flow Rate: 
3 Mass Loading: 

Removal Ell iciency 

Loading to River 

Discharge to Air: 

Source 

2 5^ uglL From Table 1 

2-14.000 gpd From NPDES Psrinii Repons 

2.345.792 |ig or Lin^ I x Line 2 x 3.785 liters per gallon 

2 3 grams L in t 3 / 1,000,000 micrograms per gram 

B8.7-i:) FioiTi Table 3 (Average VOC Removal Eff.) 

0 3 grains per day (1 - Line 5) x Line 4 
2 1 gtains par day LintJ ^ - Lii-ie 6 

Mass Load ing Assoc ia ted Wi lh New Wel ls 
MW23B 

8 
9 

10 

11 

12 

13 
14 

15 

16 
17 

18 

19 

20 

21 

GWQZ 

awQS 

Design Extractioti Rale. 

Influent Concentration-

Mass Loading: 

Design Extraclron Rate. 

Inliuent Concentration 
Mass Loading: 

Design Extraction Rate: 

Inliuent Concenlraiion: 

Mass Loading. 

C o m b i n e d (EW05, EW06 & EW07) 

Overall Exiraclion Rate: 

Mass Loading: 

16 gpm or 

23,040 [jpd 

5 pg/L 

436,032 pg 

15 gpm or 

21.600 gpd 
0.5 ptj/L 

40,878 pg 

15 gpm or 

21,600 gpd 
1 pg/L 

81,756 ) ig 

65,240 gpd 

558666 pg 

Desiijn Crileiia 8 

Line 8 X 60 min/hour x 24 hours/day 9 

F romTa l ) l e4 10 

Line 9 X Line 10 x 3.785 liters/gallon 11 

Design Criteria 12 

Line 12 X 60 mm/hour x 24 l io i i is /day 13 

From Table 4 14 

Line 13 X Line 14 x 3.785 liters/gallon 15 

Design Criteria 16 
Line 16 X 60 min/liour x 24 hours/day 17 
From Table 4 18 
Line 17 X Line IB x 3.785 liters/gallon 19 

Line 8 + Line 12 i- Line 16 20 

Line 11 + Line 15 i Line 19 21 

Mass Loacf i i ig Assoc ia te t l WUli Neiv Wells 
M W 2 3 B 

Design EAiiaclion Rule: 16 
23,040 

iniluenl Concentral ian. 1200 

Mass Loading. 104,647,680 

awo7 
Desiyri Exiracl ion Haie: 

InllueiH uuncei i l ra l ion 

Mass Loading: 

) 
Design Exiraclion Rate' 

IS 
21,600 

270 
'2.074,120 

15 
21,600 

8 9 
727,628 

Inliuent Coricenl ial ion: 
Mass Loading: 

Con ib iner l fEWOS. EW06 8, EW07) 

Ouerall Extraction Rate. 66.240 

Mass Loading: 127449J28 

gpm or Dc-^ign Crileiia 

gpd LiiitS 8 X 60 mm/hour x 24 hours/day 

(ig/L From Table 4 

pg Line 9 x Line 1 0 x 3 785 liters/gallon 

Qpiu or Deii'iQn Criteria 
gpd Liiit3 12 X 60 min/tiour x 24 hours/day 

pg/L From Table 4 

pg Line 13 X Line 14 x 3 785 liiers/gallon 

gpm 01 Design Cfileiia 
gpd Line 16 x 60 min/hour x 24 hours/tlay 
l iy/L From Table 4 
(ig Line )7 X Line 18 x 3.785 lileis/gallon 

gpd Line 8 i- Line 12 i Line 16 

Jig Line 11 4 Line 15 4- Line 19 

Overal l Sys len i Wi th New Wel ls 
22 Inliuent Flow Rale: 

23 Inlluenl Mass Loading: 

24 
25 Inlluenl Concenlrai ion 

Overal l Sys tem Wi th New Wel ls 

26 

27 
28 
29 

Removal Elliciency. 

Loading 10 River: 

Ell luenI Cnncentraliun; 

Discharge to Air. 

310,240 gpd 
558,565 | ig or 

0.6 grams 
0 5 pg/L 

88 7-,i 

Line 2 I Line 20 22 

Lino 3 r Line 21 23 
Line 24 / 1,000,000 micrograms per gram 24 

Line 23 / (Line 22 x 3.785 liiers/gallon) 25 

From Table 3 (Average VOC Removal Ell.) 26 

a 1 granis pei day Line 24 x (1 - Line 26) 27 

0.1 pgyL Line 23 / (Line 22 x 3 785 li leis per ijallon) 28 

0.5 grams per day Line 24 - Line 27 29 

l i i l lueni Flow Rale. 

Inliuent Mass Loading: 

Inliuent Concentration: 

Reinijval Ell iciency 

Lciadiiig to Rivei. 

EltJuenl Concenlr i j l ion: 

Discliarge lo Air: 

310,240 gpd Line 2 i-Line 20 

129,795,220 |ig or LinS 3 + Line 21 
129.8 grams Line 24 / 1,000,000 micrograms per gram 

1 10.5 pg/L Line 23 / (Lii le 22 x 3 785 liiers/gallon) 

88 7% From Table 3 (Averarje VOC Removal Ell.) 

14 6 giams per day Line 24 x ( l - Line 26) 

12 5 pg/L Line 23 / (Line 22 x 3 785 lilers per gallan) 

115.2 giai i is per day Line 24 - Line 27 



Mass Balance Calculations for trans 1,2 -Dichloroethene (Maximum Influent Concentration) 

Basis: 24-hours 

M a s s B a l a n c e C a l c u l a t i o n s fo r T e t r a c h l o r o e t h e n e ( M a x i m u m In f luen t C o n c e n t r a t i o n ) 

Basis: 24-hours 

Line Baseline Mass Loading 
1 Maximum Detected Influent Concentration; 
2 Exisiing Inliuent Flow Rate: 
3 Mass Loading: 
4 

Removal Elliciency: 

Loading to River: 
Discharge to Air: 

Source 
ND |ig/L From Table 1 

244,000 gpd From NPDES Permit Hepons 
0 pg or Line 1 x Line 2 x 3.785 liters per gallon 

0.0 grams Line 3 /1,000,000 micrograms per gram 

NC From Table 3 

0.0 grains per day (1 - Line 5) x Line 4 
0.0 grams per day Line 4 - Line 6 

Line Baseline Mass Loading 
1 Maximum Detected Influent Concentration: 130 pg/L 
2 Existing Inlluenl Flow Rate 244,000 gpd 
3 Mass Loading: 120,060,200 pg or 
4 120.1 grams 

Removal Efficiency: 

Loading to River: 
Discharge to Air: 

91.1'! 

Source 
From Table 1 
From NPDES Permit Reports 
Line 1 X Line 2 x 3 785 liters per gallon 
Line 3 /1,000,000 micrograms per gram 

From Table 3 

10.6 grams per day (1 - Line 5) x Line 4 
109.4 grams per day Line 4 - Line 6 

9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

(Wass Loading Associated With New Weils 
M'M23B 

Design Extraction Rate: 16 gpm or 
23,040 gpd 

Influent Concentration. 23 pg/L 
Mass Loading- 2,005,747 pg 

Mass Loading Associated With New Welts 
MW23B 

GW07 

GW08 

Design Extraction Rate: 15 gpm or 
21,600 gpd 

Influent Concentration: 4.6 pg/L 
Mass Loading: 376,078 pg 

Design Extraction Rate: 15 gpm,or 
21,600 gpd 

Influent Concentration: 0.1 pg/L 
Mass Loading: 8,176 pg 

Combined (EW05. EW06 & EW07> 
Overall Extraction Rate: 65,240 gpd 

Mass Loading. 2390000 pg 

Design Criteria 
Line 8 X 60 min/hour x 24 hours/day 
From Table 4 
Line 9 X Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 X 60 min/hour x 24 hours/day 
From Table 4 
Line 13 X Line 14 x 3.785 liters/gallon 

~ 
Design Criteria 
Line 16 x 60 iniri/hour x 24 hours/day 
From Table 4 
Line 17 X Line 18 x 3.785 liters/gallon 

Line 8 (-Line 12 + Line 16 
Line 11 + Line 15 + Line 19 

8 
9 
10 
11 

12 
13 
14 
15 

15 
17 
18 
19 

20 
21 

GW07 

Gwoa 

Design Extraction Rate: 

Influent Concentration: 
Mass Loading: 

Design Extraction Rale: 

Influent Concentration: 
Mass Loading: 

Design Extraction Rate: 

Inliuent Concentration: 
Mass Loading: 

16 gpm or 
23,040 gpd 

1,500 pg/L 
139,530,240 pg 

15 gpm or 
21,600 gpd 

2,300 pg/L 
188,038,800 pg 

15 gpm or 
21,600 gpd 

880 pg/L 
71,945,280 pg 

Combined (EW05. EW06 & EW07) 
Overall Extraction Rate: 

Mass Loading: 
66,240 gpd 

399,514,320 pg 

Design Criteria 
Line 8 x 60 min/hour x 24 hours/day 
From Table 4 
Line 9 X Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 X 60 min/liour x 24 hours/day 
From Table 4 
Line 13 x Line 14 x 3.785 liters/gallon 

Design Criteria 
Line 15 X 60 min/hour x 24 hours/day 
From Table 4 
Line 17 X Line 18 x 3.785 liters/gallon 

Line 8 + Line 12 + Line 16 
Line 11 + Line 15 + Line 19 

Overall System With New Wells 
22 Influent Flow Rate: 310,240 gpd 
23 Inliuent Mass Loading: 2,390,000 pg or 
24 2.4 grams 
25 Influent Concentration: 2.0 pg/L 

26 

27 
28 
29 

Removal Efficiency; 

Loading to River: 
Effluent Concentration: 

Discharge to Air; 

Line 2 + Line 20 
Line 3+ Line 21 
Line 24 /1,000,000 micrograms per gram 
Line 23 / (Line 22 x 3.785 liters/gallon) 

Overall System With New Wells 
22 Influent Flow Rate; 310,240 gpd 
23 Inliuent Mass Loading: 519.574,520 pg or 
24 519.6 grams 
25 Inliuent Concentration; 442.5 pg/L 

From Table 3 (Average VOC Removal EH.) 26 

0.3 grams per day Line 24 x (1 - Line 26) 27 
0.2 pg/L Line 23 / (Line 22 x 3.785 liters per gallon) 28 
2.1 grams per day Line 24 - Line 27 29 

Removal Efficiency; 

Loading to River; 
Effluent Concentration; 

Discharge to Air: 

91.1% 

Line 2 + Line 20 
Line 3 + Line 21 
Line 23 / 1,000,000 micrograms per gram • 
Line 23 / (Line 22 x 3.785 liters/gallon) 

From Table 3 

46.0 grams per day Line 24 x (1 - Line 26) 
39.2 pg/L Line 23 / (Line 22 x 3.785 liters per gallon) 

473.5 grams per day Line 24 . Line 27 



Mass Balance Calculations for 1,1-DJchloroethene (Maximum Influent Concentration) 

Basis: 24-hours 

M a s s Ba lance C a l c u l a t i o n s fo r T r i c h l o r o e t h e n e ( M a x i m u m In f l uen t C o n c e n t r a t i o n ) 

Basis: 24~hours 

Line Baseline Mass Loading 
1 fvlaximum Detected Influent Concentration: 1 MQ/L 
2 Existing Influenl Flow Rate: 244,000 gpd 
3 - Mass Loading; 923,540 /ig or 
4 0.9 grams 

Removal Efficiency: 64.0% 

Loading to Rivef 
Discharge to Air-

Source 
From Table 1 
From NPDES Permit Repons 
Line 1 x Line 2 x 3.785 liters per gallon 
Line 3 / 1,000,000 rnicrogiains per gram 

From Table 3 

0.3 grams per day {1 - Line 5) x Line 4 
0.6 grariis per day Line 4 - Line 6 

Line Baseline Mass Loading 
1 Maximum Detected Influent Concentration: 
2 Exisiing Influenl Flow Rate: 
3 Mass Loading; 
4 

Removal bflicieiicy: 

Loading lo River: 
Discharge to Air: 

5.33 jig/L 
244,000 gpd 

4,922.468 jig or 
4.9 grains 

iiO.0% 

Source 
From Table 1 
Fioin NPDES Permit Repons 
Line l x Line 2 x 3.785 liters per gallon 
Line 3 /1,000,000 micrograms per gram 

From Table 3 

TO grains per day {1 - Line 5) x Line 4 
3.9 grams per day Line 4 - Line 6 

Mass Loading Associated With New Wells 
MW23B 

Mass Loading Associated With New Wells 
MW23B 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

GW07 

Gwoa 

Design Extraction Rale. 

Influent Concentration; 
Mass Loading: 

Design Extiactioii Rate 

Influent Concentiation: 
fvlass Loading. 

Design Exliaction Rate: 

influent Concentration; 
Mass Loading: 

Combined (EW05. EW06 & EW07) 
Overall Extraction Rate: 

fvlass Loading; 

15 gpm or 
23,040 gpd 

5 ug/L 
436,032 |ig 

15 gpm or 
21,600 gpd 

2 pg/L 
153,512 pg 

15 gpm or 
21,600 gpd 

1 pg/L 
81,756 )ig 

66,240 gpd 
681300 pg 

Design Criteria 
Line 8 x 60 rniii/hoiir x 24 hours/day 
From Table 4 
Line 9 X Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 x 60 min/hour x 24 liouis/day 
From Table 4 
Line 13 X Line 14 x 3.785 liters/gallon 

Design Cnleria 
Line 16 X 60 min/hour x 24 hours/day 
From Table 4 
Line 17 x Line 18 x 3.785 liters/gallon 

Line 8 + Line 12 + Line 16 
Line 11 -t- Line 15 + Line 19 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

GIV07 

GWOB 

Combi 

Design Extraction Rate; 

Inliuent Concentration; 
Mass Loading: 

Design Extiaction Rate' 

Inliuent Concentrutioii: 
Mass Loading" 

Design Extiaction Rate: 

Inliuent Conceiitialien: 
Mass Loading: 

led (EW05. EW06 & EW07) 
Overall Extraction Rate: 

Mass Lfjading: 

16 gpm or 
23,040 gpd 

52 ).g/L 
4,534,733 pg 

15 gpm 01 
21,500 gpd 

58 pg/L 
4,741,848 pg 

15 gpm or 
21,600 gpd 

5.2 pg/L 
425,131 iig 

66,240 gpd 
9,701,712 pg 

Design Criietia 
Line 8 X 60 inin/hour x 24 hours/day 
From Table 4 
Line 9 X Line 10 x 3.785 liters/gallon 

Design Crileiia 
Line 12 X 60 iiiiii/hour x 24 hours/day 
From Table 4 
Line 13 X Line 14 x 3.785 liters/gallon 

Design Ciiiena 
Line 16 X 60 inin/houf x 24 hours/day 
Fioni Table 4 
Line 17 X Line 18x3 785 liters/gallon 

Line 8 4 Line 12 + Line 16 
Line 11 + Line 15 i-Line 19 

22 
23 
24 
25 

26 

27 
28 
29 

Overall System Willi New Wells 
Influenl Flow Rate; 310,240 gpd 

Inliuent Mass Loading; 1,504,840 pg or 
1.6 grams 

Inlluenl Concentration' 1 4 pg/L 

Overall System Willi New Wells 

Removal Efficiency. 

Loading to River: 
Effluent Concenlraiion: 

Discharge to Air 

i.7% 

Line 2 + Line 20 22 
Line 3 + Line 21 23 
Line 24 / 1,000,000 micrograms per gram 24 
Line 23 / (Line 22 x 3.785 liters/gallon) 25 

From Table 3 (Average VOC Removal Elf.) 26 

0.2 grams per day Line 24 x (1 - Line 26) 27 
0.2 pg/L Line 23 / (Line 22 x 3.785 lilers per gallon) 28 
1.4 grams per day Line 24 - Line 27 29 

Influenl Flow Rate; 
Inlluenl fvlass Loading; 

Influenl Conceniiation; 

Removal Efficiency. 

Loading to River; 
EllluenI Concentiation 

Discliarge to Air. 

310,240 gpd Line 2 + Line 20 
14,624,180 pg oi Line 3 t Line 21 

14.6 grams Line 24 /1,000,000 micrograms per grain 
12.5 |ig/L Line 23 / (Line 22 x 3 785 liiers/gallon) 

80.0% From Table 3 

2.9 grams per day Line 24 x (1 - Line 26) 
2 5 pg/L Line 23 / (Line 22 x 3 785 liters per gallon) 

I 1.7 grams per day Line 24 . Line 27 



Mass Balance Calculations for 1,1 -Dichloroethane (Average Influent Concentration) 

Basis : 24-hours 

Line Base l ine Mass L o a d i n g 
1 Average Delecled Jn/luent Concenlraiion: 

2 Existing Influent Flow Rate. 

3 Mass Loading' 
4 

Removal Efficiency 

Loading to River: 

Discharge lo Air-

Sou rce 

ND pg/L From Table 1 

244,000 gpd From NPDES Permit Reports 
0 |.tg or Line 1 x Line 2 x 3.785 lilers per gallon 

0.0 grams Line 3 /1 ,000,000 micrograms per gram 

NC From Table 3 

0.0 grams per day ( i - Line 5) x Line 4 
0 0 grams per day Line 4 • Line 6 

Mass Balance Calculations for 1,1,1 - Trichloroethane (Average Influent Concentration) 

Bas is : 24-hours 

L ine Base l ine Mass Load ing 

1 Average Delecled Inlluenl Concenlrai ion; 

2 Existing Influenl Flow Rate: 

3 Mass Loading-

4 

Removal Ell iciency 

Loading lo River' 

Discharge lo Air. 

1.86/ig/L 
244,000 gpd 

1,714,706 |ig or 
1.7 y iams 

81.2% 

Source 
From Table ] 

From NPDES Permit Reports 
Line 1 x Line 2 x 3 785 liters per gallon 
Line 3 / 1,000,000 micrograms per gram 

From Table 3 

0.3 grams per day (1 - Line 5} x Line 4 

1 4 grams per day L:ne 4 - Line 6 

Mass L o a d i n g A s s o c i a t e d With New Wells 
M W 2 3 B 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

Design Extraction Rate: 

Inlluenl Concentration-
Mass Loading; 

GW07 
Design Extraction Rate: 

Inlluenl Concentration: 
Mass Loading: 

Gwoa 
Design Extraction Rate: 

Inlluenl Concentration 
Mass Loading: 

Combined (6W05. EWQ6 & EW07) 
Overatt Extraction Rate; 

Mass Loading: 

16 gpm or 
23.040 gpd 

5 pg/L 
436,032 pg 

15 gpm or 
21,600 gpd 

1.6 pg/L 
130,810 pg 

15 gpm or 
21,600 gpd 

1 pg/L 
81,756 pg 

66,240 gpd 
648598 pg 

Design Criteria 
Line 8 x 60 min/hour x 24 hours/day 

From Table 4 

Line 9 x Line 10 x 3.735 lilers/gaflon 

Design Criteria 

Line 12 X 60 mm/hour x 24 hours/day 

From Table 4 

Line 13 X Line 14 x 3.785 liters/gallon 

Design Criteria 
• Line 16 x 60 min/hour x 24 hours/day , 

From Table 4 
Line 17 x Line 18 x 3.785 liters/gallon 

Line 8 + Line 12 + Line 16 

Line 11 -t- Line 15 *• Line 19 

Mass L o a d i n g A s s o c i a t e d With New Wel ls 
M W 2 3 B 

Design Extraction Rate' 

Inliuent Concenlrai ion: 

Mass Loading; 

12 

13 

14 

15 

16 
t7 

18 

19 

20 

21 

Design Extraction Rale. 

Influenl Concentration-
Mass Loading: 

Design Exiraclion Rate: 

16 gpm or 
23.040 gpd 

5 Mg/L 
436,032 no 

15 gpm or 

21,500 gpd 

10 ng/L 

817,560 ng 

15 ypm or 
21,600 gpd 

11 |ig/L 
899,316 ng 

Inlluenl Concentration: 
Mass Loading. 

Comb ined fEWOS. EW06 & EW071 

Overall Exlraction Rale: 66,240 gpd 

Mass Loadii ig: 2152908 ^9 

Design Criteria 
Line 8 x 60 min/hour x 24 hours/day 
From Table 4 

Line 9 x Line 1 0 x 3 785 liters/gallon 

Design Criteria 

Line 12 x 60 min/hour x 24 hours/day 

From Table 4 

Line 13 x Line 14 x 3.785 liters/gallon 

Design Criteria 
Line 16 x 60 inin/hour x 24 hours/day 
From Table 4 

Line 17 X Line 18 x 3.785 liters/gallon 

Line 8-f Line 1 2 + Line 16 

Line 11 i- Line 15 -i- Line 19 

Overal l Sys tem Wi th New Wells 

Influent Flow Rate. 

Inlluenl Mass Loading 

Influent Concentration: 

27 

28 

29 

Removal Elliciency 

Loading lo Hiver: 

Effiueni Concenlrai ion. 

Discharge lo Air. 

310,240 gpd 

648,598 ng or 

0.6 grams 

0.6 Mg/L 

88.7% 

Line 2 + Line 20 22 

Line 3 + Line 21 23 

Line 24 / 1,000,000 micrograms per gram 24 

Line 23 / (Line 22 x 3 785 liters/gallon) 25 

Overa l l Sys tem Wi th New WeHs 

Inliuent Flow Rale' 

Inlluenl Mass Loading 

Inlluenl Concenlrai ion: 

From Table 3 {Average VOC Removal Eff.) 26 

0 1 grams per day U'ne 24 x (1 - Line 26) 27 

d. 1 HQ/L Line 23 / {Line 22 x 3.785 liters per gallon) 28 
0.6 grama per day Line 24 - Line 27 29 

Removal Elliciency: 

Loading lo River: 
Effiueni Concentration 

Discharge to Air: 

310,240 gpd 
3,867,614 pg or 

3 9 grams 
3 3 HQ/L 

81 .2% 

Line 2 + Line 20 

Line 3-1 Line 21 

Line 24 / 1,000,000 micrograms per gram 

Line 23 / (Line 22 x 3.785 liiers/gallon) 

From Table 3 

0 7 grams per day Line 24 x {1 - Line 26) 

0 6 Mfl/L Line 23 / (Line 22 x 3.785 liters per gallon) 
3.1 grams per day Line 24 - Line 27 



Mass Balance Calculations for 1,2-DJchloroethane (Average Influent Concentration) 

Basis : 24-hours 

Mass Balance Calculations (or cis 1,2-Dichloroethene (Average Influent Concentration) 

Bast:>: 24-hours 

L ine Base l ine Mass Load ing 
1 Average Delecled Inlluenl Concenlrai ion 

2 Existing Inlluenl Flow Rate. 

3 Mass Loading 

5 Removal f i l l iciency. 

6 Loading to River: 
7 Discharge to Air. 

ND fuj ' i -
244,000 gpd 

0 iig or 
0.0 grams 

NC 

SuurcG 

From Table i 

Frum NPDES Perinil Repons 

Line 1 x Line 2 x 3 785 liters |)er gallun 

Line 3 / 1.000,000 miciogiams per g iam 

From Table 3 

0 0 grams per day (1 - Line 5) x Line 4 

0.0 grams per day Line 4 - Line 6 

Line Base l ine Mass L o a d i n g 
1 Ave/agc DeloctccI Inliuent Concentralioir. 

2 Existing Inliuent Flow Raiu 

3 Mass Loadinij: 
4 

Removal Etticiency:' 

Loadirig to River: 

Discharge lo Air: 

: 02 luj /L 

244,000 gpd 

941,2^1 |iy ur 

0 9 granis 

88.7% 

Source 
H;0;n Table 1 
From NPDES Permit Repons 

Line 1 A Line- 2 x 3 785 iileis per gallon 

Line 3 / 1.000,000 micrograms per gram 

From Table 3 (Average VOC Removal E l l ) 

0.1 g iams per day (1 - Line 5) x Line 4 
0.8 grams per day Line 4 - Line 6 

Afass Load ing A s s o c i a t e d With New Wells 

MW23B 

a 
9 

10 

11 

12 

13 
14 

15 

16 
17 

18 

19 

20 

21 

awo7 

GWOB 

Design Extraction Rale 

Inlluenl Concentration. 
Mass Loading-

Design E>trac((on Rate: 

ItTlluent Concentration. 

Mass Loadincj: 

Design Exiiactiun Rate' 

Inlluenl Concenlraiion: 
Mass Loading. 

Combined /EW05. EW06 4 EW07) 
Overall Exlraction Rate 

Mass Loading: 

16 gpm or 
23,040 gpd 

5 pg/L 
436,032 pg 

15 gpm Of 

21,600 gpd 
0.5 |,g/L 

40,878 pg 

15 gpm or 
21,600 gpd 

1 pg/L 

81,756 pg 

66,240 gpd 
558666 pg 

Design Criteria 

Line 8 X 60 mm/hour x 24 hours/day 

From Table 4 

Line 9 x Line 10 x 3.785 liiers/gallon 

Design Cnieria 

Line 12 X 60 min/hour x 24 hours/day 
From Table 4 

Li/ie 13 X Line 1 4 x 3 785 liteis/gallon 

Design Criteria 

Line 16 X 60 min/hour x 24 hours/day 

From Table 4 

Line 17 x Line 18 x 3.785 liters/gallon 

Line 8 i Lirie 12 •\- Line 16 

Line 11 ^ Line 15 + Line 19 

Mass L o a d i n g A s s o c i a t e d With Now WeUs 
MW23B 

Design Extraction Rate 

9 
10 

I 1 

12 

13 

16 

17 

18 

19 

20 
21 

16 giJin or 

23,040 gpd 

Irilluent Concenlrai ion: 1200 pg/L 

Mass Loading 104,647,680 pg 

GW07 

Design Exifaci ion Haie' 15 ypnt or 

21,600 gpd 

Inlluenl Conceriiralion: 270 pg/L 

Mass Loading 22,074,120 pg 

GWOB 

Design Exiracti(5ii Rale. 15 j i ^ i n o r 

21,600 gpd 

inlluei'it Concenlrai ion' 8.9 )iy/L 

Mass Loading 727.628 pg 

C o m b i n e d fEWOS, EW06 & EW07) 

Overall Extraction Rale: 60,240 gpd 

Mass Loading. 127449428 pg 

Design Criteria 

Line 8 x 60 niin/liOur x 24 hours/day 

FroiTi Table 4 

Line 9 x Line 1 0 x 3 785 litets/gallon 

Design Cnleiia 

Line 12 X 60 mm/hour x 24 hours/day 

From Table '1 
Line 13 A Line U x 3.785 liters/gallon 

Design Cnleiia 

Line 16 X 60 min/hour x 24 liours/day 

From Talile 4 

Line 17 x Line 1 8 x 3 785 liters/gallon 

Line 8 4 Line 12 r Line 16 

Line 11 + Line l 5 t - Line 19 

Overal l Sys tem Wi th New Wel ls 
22 Inlluenl Flow Rale. 
23 Influent Mass Loading. 
24 

25 inlluenl Concernii^Uon 

Overal l Sys tem Wi th New Wel ls 

27 

28 

29 

Removal Elliciency., 

Loading to River: 

EllluenI Concentfblion" 

Discharge to Air: 

310,240 gpd Line 2 •\- Line 20 22 
558,666 pg or Line 3 + Line 21 23 

0.6 grams Line 24 / 1,000,000 micrograms per gram 24 

0 5 / iy/1. Ljne 23 / (Line 22 x 3.785 liiers/gallon) 25 

88.7% From Table 3 (Average VOC Removal Ell.) 26 

0.1 grams per day Line 24 x (t - Line 26) 27 

0.1 pg/L Line 23 / (Line 22 x 3.785 liters per gallon) 28 

0.5 grams per day Line 24 - Line 27 29 

Influent Flow Rate. 
Inliuent Mass Loading' 

Inlluenl Concenlrai ion: 

Removal Elliciency. 

load ing to River. 

Ell lt jenl Concentration 

Dischaige to Air. 

310,240 gpd Line 2 i Line 20 
128,390,670 pg or Line 3 -i Line 2 l 

128.4 grams Line 24 / 1,000,000 micrograms per gram 
109.3 pg/L Line 2 3 / ( L i n e 22 x 3.785 liiers/gallon) 

88.7% From Table 3 (Average VOC Removal Ett ) 

14.5 grams per day Line 24 x (1 - Line 26) 

12.3 pg/L Line 2 3 / ( L i n e 22 x 3.785 lilers per gallon) 

113.9 grams per day I.me 24 - Line 27 



Mass Balance Calculations for trans 1,2 -Dichloroethene (Average Influent Concentration) IVIass Balance Calculations for Tetrachloroethene (Average Influent Concentration) 

Basis: 24-hours Basis: 24-hours 

Line Baseline Mass Loading 
1 Average Detected Influent Concentration 
2 Existing Influent Flow Rate 
3 Mass Loading 
4 

Removal Efficiency; 

Loading to River: 
Discliarge lo Air; 

Source 
ND pg/L From Table 1 

244,000 gpd From NPDES Permit Reports 
0 pg or Line 1 x Line 2 x 3.785 lilers per gallon 

0.0 granis Line 3 / 1,000,000 micrograms per gram 

NC From Table 3 

0.0 grams per day (1 - Line 5) x Line 4 
0.0 grams per day Line 4 - Line 6 

Line Baseline Mass Loading 
1 Average Detected Influent Concenlraiion: 
2 Existing Influent Flow Rate 
3 Mass Loading; 
4 

5 Removal Efficiency: 

6 Loading to River; 
7 Discharge to Air; 

Source 
50.72 pg./L From Table 1 

244,000 gpd From NPDES Permii Reports 
46,641,049 pg oi Line 1 x Line 2 x 3.785 liters per gallon 

46.8 grams Line 3 /1,000,000 micrograms per gram 

91.1% From Table 3 

4.1 grams per day {1 - Line 5) x Line 4 
42.7 granis per day Line 4 - Line 6 

9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

Mass Loading Associated With New Wells 
MW23B 

Design Extraction Rate; 16 
23,040 

Influent Concentration; 23 
IVIass Loading; 2,005,747 

Mass Loading Associated With New Weils 
MW23B 

GW07 
Design Exlraction Rate; 

Inlluenl Concentralion; 
fvlass Loading: 

Design Extraction Rate; 

15 
21,600 

4.6 
376,078 

15 
21,600 

0.1 
8,176 

Influent Concentration 
Mass Loading: 

Combined IEVJ05. EW06 8. EW071 
Overall Extraction Rate: 66,240 

Mass Loading: 2390000 

gpm or 
gpd 
pg/L 
Mg 

gpm or 
gpd , 
pg/L 

ng 

gpm or 
gpd 
pg/L 

gpd 

iig 

Overall System With New Wells 
22 Inliuent Flow Rale; 310,240 gpd 
23 Influent Mass Loading: 2,390,000 pg or 
24 2.4 grams 
25 Inlluenl Concentration: 2.0 pg/L 

Design Criteria 
Line 8 X 60 min/hour x 24 hours/day 
From Table 4 
Line 9 X Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 X 60 min/hour x 24 hours/day 
From Table 4 
Line 13 X Line 14 x 3.785 liters/gallon 

Design Criteria 
Line 16 x 60 min/hour x 24 hours/day 
From Table 4 
Line 17 X Line 18 x 3.785 liters/gallon 

Lines + Line 12 + Line 16 
Line 11 + Line 15 + Line 19 

Une 2 + Line 20 
Line 3 + Line 21 
Line 24 /1,000,000 micrograms per gram 
Line 23 / (Line 22 x 3.785 liters/gallon) 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

22 
23 
24 
25 

Design Exiraclion Rate: 

Influent Concentralion: 
fvlass Loading: 

GW07 
Design Extraction Rate; 

Influent Concentration; 
Mass Loading; 

GW08 
Design Extraction Rate; 

Influent Concentration; 
Mass Loading: 

16 gpm or 
23,040 gpd 

1,600 pg/L 
139,530,240 pg 

15 gpm or 
21,600 gpd 

2,300 pg/L 
188,038,800 pg 

15 gpm or 
21,600 gpd 

880 pg/L 
71,945,280 ng 

Combined (EW05. EW06 & EW071 
Overall Extraction Rate; 

Mass Loading; 

Overall System With New Wells 
Inliuent Flow Rale; 

Influent Mass Loading; 

Influent Concentration; 

66,240 gpd 
399,514,320 pg 

310,240 gpd 
446,356.269 pg or 

446.4 grams 
380.1 pg/L 

Design Criteria 
Line 8 X 60 min/hour x 24 hours/day 
From Table 4 
Line 9 x Line 10 x 3.785 liters/gallon 

Design Criteria 
Line 12 X 60 min,'hour x 24 hours/day 
From Table 4 
Line 13 X Line 14 x 3.785 liters/gallon 

Design Criteria 
Line 16 X 60 min/hour x 24 hours/day 
From Table 4 
Line 17 X Line 18 x 3.785 liters/gallon 

Line 8 + Une 12 + Line 16 
Line 11 + Line 15 + Line 19 

Line 2 + Line 20 
Line 3 -i- Line 21 
Line 23 /1,000,000 micrograms per gram 
Line 23 / (Line 22 x 3.785 liters/gallon) 

27 
28 
29 

Removal Etticiency: 

Loading lo River. 
Effiueni Concentration; 

Discharge to Air; 

).7% From Table 3 (Average VOC Removal EH.) 

0.3 grams per day Line 24 x (1 • Line 26) 27 
0.2 pg/L Line 23 / (Line 22 x 3.785 liters per gallon) 28 
2.1 grams per day Line 24 - Line 27 29 

Removal Elliciency; 

Loading lo River: 
Effluent Concentration: 

Discharge lo Ai 

91 1% From Table 3 

39.5 grams per day Line 24 x (1 - Line 26) 
33.7 pg/L Line 23 / (Line 22 x 3.785 liters per gallon) 

406.8 grams per day Line 24 - Line 27 



Mass Balance Calculations for 1,1-Dichloroethene (Average Influent Concentration) 

Basis: 24-hours 

Mass Balance Calculations for Trichloroethene (Average Influent Concentralion) 

Basis: 24-hours 

Line Baseline Mass Loading 
1 Average Delected Influent Concentration: 
2 Existing Influent Flow Rate: 
3 Mass Loading: 
4 

5 Removal Efficiency 

Loading lo River: 
Discl"iarge to Air: 

Source 
0 70 pg/L From Table 1 

244,000 gpd Fioin NPDES Permit Reports 
641,860 pg or Line 1 x Line 2 x 3.785 liters per gallon 

0.6 grams Line 3 / 1,000,000 micrograms per giam 

88.7% From Table 3 (Average VOC Remova! Eff.) 

0 1 grams per day (1 - Line 5) x Line 4 
0.6 grams per day Line 4 - Line 6 

Line Baseline Mass Loading 
1 Aveiage Detected Influent Concentration-
2 Exisiiny Inlluenl Flow Rate: 
3 Mass Loading: 
4 

5 Removal Etticiency: 

Loading lo Rivei: 
Discharge to Air: 

2.24 pg/L 
244,000 gpd 

2,064,625 pg or 
2.) grams 

80.0% 

Source 
From Table 1 
From NPDES Petmii Reports 
Line ^ x Line 2 x 3.785 lilers per gallon 
Line 3 / 1,000.000 niicfogjams pe; gram 

Fioin Table 3 

0.4 grams per day (1 - Line 5) x Line 4 
1 7 grams pei day Line 4 - Line 6 

Mass Loading Associated With New Wells 
MW23B 

Mass Loading Associated With New Wells 
MW23B 

8 
9 
10 
11 

12 
13 
14 
15 

If. 
17 • 
18 
19 

20 
21 

GW07 

GW08 

Design Extraction Rate: 

Influent Concentration: 
fvlass Loading 

Design Extraction Rate: 

Influent Concentration: 
Mass Loading; 

Design Exlraction Rate. 

Influent Concenlraiion. 
Mass Loading: 

Combined (EWQS. EW06 & EW071 
Overall Exiraclion Rale; 

Mass Loading. 

16 gpm or 
23,040 gpd 

5 pg/L 
436,032 pg 

15 gpm or 
21,600 gpd 

2 pg/L 
163,512 pg 

15 gpin or 
21,600 gpd 

1 pg/L 
81,756 pg 

66,240 gpd 
681300 pg 

Design Criteria 
Line 8 X 60 mm/liouf x 24 hours/day 
From Table 4 
Line 9 x Line 10x3 785 liters/gallon 

Design Criteria 
Line 12 x 60 min/liour x 24 liouis/day 
FiomTable4 
Line 13 x Line 14 x 3.785 liteis/gallon 

Design Crileiia 
Line 16 X 60 min/hour x 24 houis/day 
Fioin Table 4 
Line 17 x Line 18x3 785 liters/gallon 

Line 8 -f Line 12 t- Line 16 
Line 11 + Line 15 + Line 19 

8 
9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

awo7 

Gwoa 

Design Exlraction Rate: 

Influent Conceittfation; 
Mass Loading' 

Design Extiaction Rate: 

Inlluenl Concentiation. 
Mass Loading: 

Design Extraction Rate; 

Influent Concentiation: 
Mass Loading; 

Combined (EW05. EW06 & EWa7) 
Overall Extraction Rate; 

Mass Loading. 

16 gpm Of 
23,040 gpd 

52 pg/L 
4,534,733 pg 

15 gpm or 
21 600 gpd 

58 pg/L 
4,741,848 |ig 

15 gpm or 
21,600 gpd 

5.2 pg,'L 
425,131 pg 

66,240 gpd 
9,701,712 |ig 

Design Crileiia 
Line 8 X 60 iiiin/hour x 24 hours/day 
From Table 4 
Line 9 x Line 10 x 3.785 liiers/gallon 

Design Criteria 
Line 12 X 60 inin/hour x 24 hours/day 
Frum Table 4 
Line 13 X Line 14 X 3.785 liters/gallon 

Design Cnleria 
Line 16 X 60 min/hour x 24 hours/day 
From Table 4 
Line 17 X Line 18 x 3.785 liters/gallon 

Line 8 +Line 12 + Line 16 
Line 11 1. Line 15 + Line 19 

Overall System With New Wells Overall System Wilh New Wells 
22 
23 
24 
25 

27 
28 
29 

Influent Flow Rate; 310,240 gpd 
Influenl Mass Loading 1,323,160 pg or 

1.3 grams 
Inlluenl Concentralion: 1.1 pg/L 

Removal Efficiency; 

Loading to River; 
Effluent Concentration; 

Discharge to Air: 

3 7 % 

Line 2 + Line 20 
Line 3 + Line 2 I 
Line 24 /1,000,000 miciograins per giam 
Line 23 / (Line 22 x 3.785 liters/gallon) 

From Table 3 

0.1 grams per day Line 24 x (1 - Line 26) 
0.1 pg/L Line 23 / (Line 22 x 3 785 liters per gallon) 
1.2 grai ns per day Line 24 - Line 27 

22 
23 
24 
25 

27 
28 
29 

Influent Flow Rate" 310,240 gpd 
Inliuent Mass Loading, 1 1,766,337 pg oi 

11.8 giams 
Inlluenl Concentralion: 10 0 pg/L 

Removal Efficiency: 

Loading 10 Hiver: 
Elfluent Concentiation: 

Discharge lo Air. 

80 0",' 

Line 2 + Line 20 
Line 3+ Line 21 
Line 24 / 1,000,000 miciogranis per gram 
Line 23 / (Line 22 x 3785 liters/gallon) 

Fioni Table 3 

2 4 giains pei day Line 24 x (1 - Line 26) 
2 0 pg/L 
9 4 giams pei day 

Line 23 / (Line 22 x 3.785 lilers per gallon) 
Line 24 - Line 27 
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emorandum 
:A !nterr^ational Specialists in Ine Environineni 

Date: May 8, 2007 

To: Beloit 95% Design File 

Prepared by: Tom Campbell, P.E. 

Checked by: Neil Brown, P.E. 

Subject: Equalizing Fiow Pressure 

Objective 

Tlie objective of this technical memorandum is to provicie justification for the equalization of 
flow pressures associated with the Beloit pump-and-ti-eat (P&T) system. The remedy takes 
mto account the new pipmg layout associated with the installation of extraction wells EW05. 
EW06, and EW07, which ai'e part of the groundwater extraction enliancements. The solution 
also considers future addition, or removal of exti-action wells. 

For the Beloit site, the remedy includes the installation of tlu-ee additional exti-action wells to 
supplement the existing four extraction wells (EWOl, EW02, EW03, EW04-Pumpl. and 
EW04-Pump2). Tlie new wells will be placed to concentrate on the source area plume to 
achieve a faster time frame for meetmg the groundwater clean-up objectives (as opposed to 
using the cun'ent.edge of source and downgradient extraction well locations [E&E 2007]). 

Exti-acted groundwater is ti'eated via air stripping and discharged under a National Pollutant 
Discharge Elimination System (NPDES) peimit to the Rock River. 

Design Considerations 

Pressure Equalization: Tlie e,''dstuig system was constmcted with all force mams joining into 
a single manifold pipe. This setup does not allow for a zero (amiosphenc) pressure point 
within the system pipmg. such as when an equalization tank is used. Therefore, the system 
needs to either be balanced such that all line pressures entering the manifold are equal or be 
reconfigured so that a zero pressure point is located within the system. Tliere are several 
options available for achieving equal flow pressures, which include: 

e Sizing all pumps to achieve equal pressure at the manifold; 



9 Sizing iDumps to achieve an equal pressure v.'ithin two or more manifolds with separate 
connections to the aii" stripper; or 

• Installing an equalization tank with ti-ansfer pump supplying the existing single 
manifold to the aii' stiipper. 

Discussion 

Determining the Need for Pressure EqiiaUzatidn 

When water is brought by pipes to a junction and where more than two pipes meet, two 
equations must be satisfied. The total amount of water brought into the junction must always 
equal the amount of water carried away from the junction, and all pipes that meet at the 
junction must share the same pressure at that junction (Hvv'ang 1987). Therefore, when the 
pipes enter the manifold pipe, the pressure at each pipe entrance and tlie pressure at that point 
within the manifold are equal. If one of the pipes enteiing the manifold has a much greater 
pressure gradient than another pipe entering the system, the pipe with the gi-eater pressure will 
"step on'" the pipe with the least pressure, which reduces/stops flow from the low-pressure line. 

At the Beloit Corporation, this theory was tested on EW02. With all of the exfraction wells m 
operation, EW02 had a flowrate of 10 gallons per minute (gpm). When all of the wells were 
shut down and EW02 ran alone, the flowrate mcreased to 16 gpm. This translates into an 
increased flow of 60% over what is being achieved under normal operating conditions, when 
EW03, EW04-1, and EW04-2 are continuously running. 

Based on calculations performed using existing flow from the extraction wells, it was found 
that some cuiTcnt and proposed wells would be "stepped on" if a single manifold system is 
used. Pressure calculadons show that EW03, EW04-1, and EW04-2 have pressure gradients 
within the same range of one another, meaning that they can share the same manifold without 
significant interference of one another. While the proposed wells, EW05, EW06, and EW07, 
also have pressures within similar ranges, thefr operational pressures would be "stepped on" if 
they shared a manifold. The pressures from EWOl and EW02 fall below the pressure range of 
any of the other pumps. 

Option 1: Sizing all pumps to achieve equal pressure at the manifold. To achieve equal 
pressure at the manifold, all of the pumps currently in the system would be re-sized. This 
would result in the extraction wells being able to deliver the design flowrate. However, in 
order to achieve this, many of the pumps would have to be oversized to overcome the pressure 
head created by the larger pumps. Assuming 75% motor efficiency and SO. 10 per kilowatt-
hour (kWh), a 1-horsepower (hp) pump costs S900 per year to operate (EPA 2005). With eight 
exfraction well pumps operating at the site, it was assumed that five pumps would need to be 
oversized by 4 hp each to overcome a pressure head difference through a rnanifold system, 
which translates to $18,000 per year or $270,000 over 15 years of additional operational costs. 

Additionally, individual well flowrates cannot be changed without adjusting the flowrates of all 
of the wells connected to the manifold. Potential upgrades to the system would requfre all of 
the pumps to be re-sized and could possibly result in the need to change out additional pumps. 



Option 2: Sizing pumps to achieve an equal pressure yvitliin two or more manifolds with 
separate connections to the air stripper. If more than one manifold is used, pumps having 
similar pressures could be tied into a manifold, wliich would prevent flow reductions. Tliis 
would allow for the wells to maintain the pumps that are cuirently installed. It would be 
preferable to mufrmize the number of manifolds, since t}'ing into the top of the afr snipper will 
requfre cutting a pipe access hole, welding a pipe connector to the air stiipper. installing a 
diffliser, installing a pipe nin through the building roof and weatheiproofmg the exit location 
through the roof for each manifold mstalled. Additionally, each manifold would requfre a 
fi'eeze protection solenoid, smnlai" to the one afready mstalled on the cuiTcnt manifold pipe run. 
with connection to the control panel and progi-ammabie logic controller (PLC) program. 

Based on current conditions, two to tliree manifolds would be required, dependent on whether 
one pump would be re-sized. After mstallation, mdividual well flowrates caimot be changed 
without changmg the flowrates of all of the wells connected to the same maifrfold. Potential 
upgrades to the system could requû e all of the pumps to be re-sized and could possibly result in 
the need to change out additional pumps or the need for installing an additional manifold. 

Option 3: Installing an equalization tank with transfer pump supplying the existing 
single manifold to the ah- stripper. .Equalization tanks provide process conti-ol (Reynolds 
1982). If an equalization tanic is added, then all wells can discharge into it, wliich creates a zero 
pressure pomt at the pipe dischai'ge location. The equalization tank would have a transfer 
pump to send the water through the afr stiipper using the existing maifrfold pipe, which already 
has the freeze protection solenoid mstalled. 

Two options are available under this scenario. Ffrst, an insulated tank located outside the 
building would be installed, or, second, a new building to house the tank could be built. Tlie 
construction of a building is a prefen'ed option since it provides several benefits. A non-
msulated tank is less expensive than an insulated tank. With a building installed, mfluent and 
effluent Imes will not requfre heat tape to prevent freezing, and the option to equip the tank 
with a siglit gauge is available. The equipment, includmg tank, tî ansfer pump, electnc, and 
conn'ol boxes, would not be exposed to the elements or to accidental contact. The building will 
also allow for storage at the site that can be used when staging equipment for sanipling events. 
It will also provide a quiet area smce it will be a sepai'ate buildmg fi"om the one contaufrng the 
an stnpper. For these reasons, a building is considered a better option when using an 
equalization tank. 

Finally, Option 3 provides the best scenano for friture additions or deletions to the system. 
With an equalization tank, tlie flowrate from each existing well can be precisely conti'olled and 
additional wells can be added without affectins existing flowrates. 

*e 

Conclusion 

Option 3 provides the most flexibility for friture system modifications, and mcreases the 
sustainability of the system by bnnging it to engineering standai'ds. The initial costs may be 
offset by not needing to oversize any of the extraction well pumps and savings associated with 
the cost of electricity. 
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